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[THIRD SERIES.] 


Art. XIL—On the Use of a Free Pendulum as a Time 
Standard ;* by T. C. MENDENHALL. 


THE use of the new half second pendulums in the gravita- 
tion work of the U. 8. Coast and Geodetic Survey has sug- 
gested the possibility of employing a pendulum with the 
improved methods for ascertaining its period in terms of a 
elock or chronometer second, as a standard of time which in 
eonstancy and ease of application might go beyond anything 
now readily attainable. 

The natural though not necessarily invariable unit of time 
is the sidereal day and while it is sufficiently constant to satisfy 
all requirements it is inconveniently long for nearly all opera- 
tions, other than astronomical, in which great precision in 
time measurement is required. Its subdivision is , therefore, 
rendered necessary and this is accompanied by rather more 
uncertainty than usually belongs to the subdivision of a stan- 
dard. Even the daily rate of our best clocks and chronom- 
eters is by no means constant and it is safe to say that in most 
eases little if anything is known regarding their hourly varia- 
tion from the mean for the day. That such variations, due to 
fluctuations in temperature, pressure, and other less known 
causes, exist is well known to all. In the physical, physiolog- 
ical or other laboratory, in which it is desired to determine 
intervals of time with a high degree of accuracy it is common 
to depend upon the daily rate of “chronometer or clock, which 
rate is itself determined by means of clock signals from an 


tead at the meeting of the National Academy in New York, November 11th, 
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established astronomical cbservatory, or directly by the use.ot 
a transit instrument In the former, rates are carried during 
bad weather and often for many days, by one or more clocks 
and with greater or less accuracy but the signals as receive 
are subject to uneertainty and error arising out of telegrap 
transmission. In the latter, a few nights in succession 

cloudy weather prevent the observer from getting a rate fo 
when he most needs it In both eases thi 


his time-piece just 
il that is known, although this may diff 


daily rate is usually 
widely from that existing 
made for which the time is to be standardize 
that a free pendulum, vibrating under constant conditions 
furnishes a much more reliable standard for short interval 
than any clock or chronometer and that this standard may be 


when the particular experiment w 


ad. It is believe: 


easily utilized by methods 

The pendulum is for convenience, a half second’s pendulum 
and is, therefore, about a quarter of a meter long. Its mass is 
than a kilogram and the most of this 


about to be described. 


only a trifle greater 
is concentrated in the bob. The knife edge, rigidly attached 
to the pendulum, is of agate and it swings upon agate planes. 
These should be rigidly supported and may well be secured to 
a part of the casting which furnishes at once the support for 
the pendulum and the chamber in which it swings. It should be 
furnished with a starting and stopping apparatus and an are for 
measuring the amplitude of its vibrations. If it is to be used 
only for comparing chronometers and clocks no arrangements 
for securing constant pressure and uniform temperature are 
necessary. If it is to be a time standard both should be pro- 
vided. The first is easy and the second can generally be 
reached quite closely. Some method of knowing the temper- 
ature of the pendulum should be provided. When used 
under conditions of nearly constant temperature a “ dummy ” 
pendulum, in the same enclosure, with a thermometer properly 
embedded in its stem, will be sutticient. Its amplitude should 
not be greater than two degrees at first, and when the knife 
edge is properly prepared it will swing for a couple of hours 
without this being inconveniently reduced. 

The period of the pendulum may be ascertained by means 
of a modified coincidence method, the elemeé nts of which were 
first applied by Herr Von Sternek in his use of short pendu- 
lums in gravity determination 

A small mirror is placed in a vertical plane on the pendu- 
lum head, its center being as near as may be in a horizontal 


* The pendul t tation f the U. S. Coast 
Geodetic Survey 


for 1891. 


{ppenaix to the Rey 
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plane passing through the knife edge. A similar mirror is 
placed parallel to this and as near to it as is possible without 
interfering with the motion of the pendulum, but it is rigidly 
attached to the support upon which the pendulum swings. 
What‘is called the “flash apparatus ” is placed a meter or two 
meters in front of these mirrors and in a line normal to them. 
In this an electric: spark may be used or the light of a lamp or 
candle. What is desired is that a flash of light should be 
produced every second, as determined by a_break-circuit 
chronometer or clock. For use with a lamp Mr. E. G. Fischer 
has contrived an ingenious shutter operated by an eilectro- 
magnet, by means of which an illuminated slit is exposed for 
an instant in the movement following the break only. An 
induction coil whose primary circuit is broken by an electro- 
magnet in the chronometer circuit provides the electric flash. 
Just over the point where this flash is produced is placed a 
telescope. 

When properly adjusted the flash is reflected from both 
mirrors, and assuming the pendulum to be at rest, two lines of 
light are seen as one in the telescope or better, one is made to 
overlap the other a little. Now suppose the pendulum to be 
in motion, it will be clear that, as the flash oceurs only for 
an instant each second, whether it will be seen reflected from 
the moving mirror will depend on the position of that mirror 
at the instant of its appearance. If it should happen to be in 
the plane of its original adjustment when the flash occurs the 
appearance in the telescope will be precisely the same as when 
the pendulum is at rest. If the period of the pendulum be 
precisely one-half of that of the clock or chronometer it will 
return to this position in just one second and the appearance 
will be continually repeated. If, however, the pendulum be 
slightly slow or fast of the chronometer, the mirror will not 
be precisely in this position at the end of one second and the 
image from its mirror will be a little above or below that of 
the first mirror. In another second the distance separating 
them will be still greater and this will go on until the moving 
image is no longer seen in the field of the telescope. After a 
time, however (this period is conveniently about five minutes), 
the pendulum will have gained or lost one oscillation on the 
beat of the chronometer and a few seconds before the neces- 
sary period for this has elapsed the image re-appears in the 
field and approaches coincidence, to again recede on the other 
side. 

[t is only necessary to observe the instant of this coinci- 
dence of the two images. Under the conditions mentioned 
above it is not necessary to observe this closer than the nearest 
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second and only an inexcusably careless observer would ev: 
be a second in error. After hav ing ascertained the “ coinci 
dence interval” and observed the first coincidence. the happen 


ing of any one in the future can be quite closely predicted 
It is desirable to allow the pendulum to swing through a perio 
equal to ten coincidence intervals and although only the first 


and last observations may be used it is well to observe two or 
three at the beginning and end of the period asa check. An 
idea of the accuracy of the method may be formed by assum 
ing that an error of one second is made in observing the coin 
cidence either at the beginning or end of the swing. It will 
be seen that the error of the result will be less than one pari 
in two and a half millions Asa sample of the uniformity ot 
results which is sometimes attained under favorable conditions 
the periods of a pendulum known as A, as obtained from a 
Negus break-cireuit sidereal chronometer in three separate sets 
of vibrations extending through about an hour each, made on 
the afternoon of October 23, are here given: 


lst . 5006279 
2d... 


If such a pendulum be properly cared for there appears to 
be no reason why under the same conditions, its oscillation 
period may not remain sensibly constant for an indefinite 
period. As an example of constancy during a short period, a 
little over half a year, but under unfavorable conditions the 
following results showing the oscillation period of three pendu- 


lums as measured in March last and in October. In both eases 
time is referred to the standard sidereal clock of the U. S. 


Naval Observatory. Between the first determination and the 
last, the pendulums traveled about fifteen thousand miles, 
were several times landed from a vessel in the surf and with 
difficulty, and were exposed to great changes of temperature 
and conditions of weather. The remarkable agreement in the 
case of all justifies the assumption that a sufficient degree of 
permanency is attainable. ; 


Mean Perio Washington 
A-l, A-2, A-3. 
March, 5008779 ‘5007667 "5006702 
October, 1891 - *9008759 5007668 *5006696 


When one of these pendulums is compared by means of the 
flash apparatus above described with a good break-cireuit chro- 
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nometer it is found to furnish a most delicate test of the 
equality of the seconds determined by the toothed wheel 
which breaks the circuit. 

Any inequality in the spacing of the teeth or irregularity in 
the movement of the wheel, of the existence of which the 
ordinary chronograph record would show no evidence, is clearly 
and unmistakably shown, and if on account of bad workman- 
ship such inequalities are considerable the result as viewed in 
the telescope is ludicrous although a chronograph sheet from 
such a chronometer might present a very good appearance. It 
will be readily understood that when the breaks are separated 
by uniform periods, the moving flash will advance regularly 
and steadily, movements corresponding to one thousandth of 
a second in time being easily perceived. When the breaks are 
irregular, however, the flash moves irregularly, at times stand- 
ing still for a second or two, and often actually receding. The 
apparatus may be used therefore as a test of the regularity of 
breaks with chronometers or clocks. 

It is often desirable to compare one chronometer with 
another or with a clock and to obtain a relative rate. As this 
rate is variable it is necessary to determine it by reference to as 
short an interval of time as possible. The ordinary chrono- 
graph record does not give satisfactory results unless the com- 
parison extends over a number of hours or a whole day. By 
means of the apparatus described in less than an hour a daily 
rate can be determined, correct within about three-hundredths 
of a second, and a higher degree of accuracy can be secured if 
it is found desirable. 

In this operation it is only necessary to observe coincidences 
with both chronometers and then again in forty minutes or 
after a longer period if a better result is wanted. No care 
need begtaken to secure standard conditions of temperature, 
pressure, etc., as whatever changes may take place affect the 
coincidence interval of both time-pieces alike. 

Indeed it has been found possible to get a fair rate from an 
observation of a single pair of coincidences, the time con- 
sumed being less than five minutes. It is evident that a 
method is here offered for studying the hourly variations of 
chronometers and clocks, due to temperature, pressure, or 
other changes and in making such investigations the time- 
piece under examination finds its severest critic not in another 
of its own kind, but in a free pendulum maintained under 
uniform standard conditions. 

As an example of the comparison of two chronometers by 
this method the following is cited : 
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Chronometers. Negu 
Ist coincidence 
2d coincidence 
Ten coincidence interyal 57 06 
No. 1589-—No. 1518 28 seconds 


From which the rate is found to be one second per day. 

If the claims here made for the free pendulum are justified 
it is likely to find its most useful application as an independent 
not less than three of these 


+ 


time standard. For this pur 
pendulums should be used They should have slightly differ 
ent oscillation periods and these must be determined with 
great care, under standard conditions and referred to the most 
accurate mean tim« second available. Indeed for the first 
standard set it mi 
during day and night 
to the determination of time may be eliminated as far as pos- 
sible. Assuming’ the p! vsical Gol stancy of these pendulums 
and the possibility of reproducing with sufficient accuracy the 
conditions under which they were swung, no further reference 
to astronomical observations is necessary, if, only the force of 
gravity does not el ise Such a set, or one derived from it 
may be issued to any point, with a certificate guaranteeing the 
periods of oscillation a i imple funetion of the force of 
gravity. If the latter is known the oscillation period is at 
once deduced. Whenever it is desired to rate a clock or 
chronometer it will only be necessary to observe a series of 
coincidences, using the pendulun 

scribed above. The use of three pendulums, whose differences 
must remain sensibly constant wherever they are, will serve as 
a check against changes of any kind and once in a few years a 
redetermination by means ot astronomical time may be had as 
a further security against systematic error. The ease and 
accuracy with which their oscillation periods can be determined 
a cloek or chronometer, and the 


po C 


ht be worth while to carry on comparisons 


tor many days, that all errors incident 


and chronometer as de- 


in terms of the second of 
probable constancy of this period during long intervals of 
time encourages the belief that the issue of properly authenti- 
cated time standards is by no means an impossibility and as to 
the desirability of an early accomplishment of such an end 


there can certainly be no doubt. 


21 
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XIII.--On the Bear River Formation, a Series of 
Strata hitherto known as the Bear River Laramie; by 
CHARLES A. WHITE. 


[Published by permission of the Director of the U. 8S. Geological Survey. ] 


In the year 1859 a series of strata, constituting an important 
section, was discovered by Mr. Henry Engelmann at a locality 
in southwestern Wyoming, upon the bank, and near the 
mouth of Sulphur Creek, a tributary of Bear River one of the 
members of which section contain abundant remains of a pecu- 
liar non-marine molluscan fauna. During the fifteen years 
following that of their discovery, these non-marine strata were 
generally spoken of as the Gear [River estuary beds, but later 
explorations have revealed their presence at other localities in 
Wyoming, Idaho and Utah which shows that they are of more 
than estuarine extent. During that time also no one expressed 
any doubt of the Tertiary age of these strata because their fossil 
fauna, although consisting of new species, included only types 
which were then regarded as characteristic of the Tertiary, 
and this view was supposed to be supported by their strati- 
graphical relation to the other members of the same section 
and their equivalents in that neighborhood. 

About the year 1876 the various deposits, which are now 
properly referred to the Laramie, began to be generally recog- 
nized as constituting one great formation, and these non-marine 
strata of the Bear River valley district came to be generally 
known as the Bear River Laramie because they were thought 
tv have been contemporaneous with the true Laramie and to 
hold the same taxonomic position with relation to other forma- 
tions, although it was well known that their molluscan fauna is 
very different from that of the Laramie. They were then 
also subject to the doubt which certain geologists began to ex- 
press as to whether the Laramie is properly assignable to the 
Tertiary or Cretaceous; but this doubt was confined to the 
question of their geological age and did not extend to that of 
their relation to those marine strata of undisputed Cretaceous 
age which constitute other members of the same section. This 
statement finds support in the fact that up to the year 1891* 
none of the publications of the various geologists who have 
examined these non-marine Bear River strata contain any 
clearly expressed doubt that they are all of later origin than 
any of the marine Cretaceous shen which oeeur in that part 
of the continent. That is, it was understood by them that the 


* See Bull. U. S. Geol. Surv., No. 82, p. 153. 


I : 

T 

is 

d 

OT 

ti- 

to 

id 


92 C. A, White—On the Bear River Formation, ete. 


Bear River strata rest upon, or hold the same relation to, the 
equivalent of the Fox Hills group of Meek & Hayden’s Upper 
Missouri section that the true Laramie is known to do. 

The object of this article, and of the immediately following 
one by Mr. T. W. Stanton, is to show that the strata which 
have hitherto been known as Bear River Laramie are not only 
not referable tu the Laramie Jormation but that they occupy « 
lower position, being overlain by marine Cretaceous strata the 
equivalents of which are known to underlie the true Laramie. 
For this reason I shall in this. and in future writings, designate 
these strata as the Bear River formation, omitting the term 
Laramie in that connection as being wholly inapplicable. 

The following remarks are offered as a brief historical 
account of the growth and prevalence of opinion concerning 
this interesting group of strata, which is ‘paleontologically so 
different from any other known North American formation. 

The first published account of these strata was given by 
Messrs. F. b. Meek and Henry Engelmann jointly in 1860 ;* 
and later in the same year Mr. Meek published descriptions of 
some of the fossils which characterize them.t In these publi- 
cations both authors unhesitatingly assign the strata in ques- 
tion to the Eocene Tertiary. 

No other publication concerning them seems to have ap- 
peared until 1869, when Dr. F. V. Hayden inserted a para 
graph concerning them in one of his official reportst upon 
another region, in which he expressed the opinion that they 
are of Tertiary age and proposed to group them together with 


the coal-bearing strata of the Sulphur Creek section, those 
near Evanston and those at Coalville, Utah, as constituting one 
formation to which he gave the name of Bear River group.$ 

In 1870 Dr. Hayden published a short article containing a 
minute description, accompanied by figures, of the non-marine 
strata originally discovered by Mr. Engelmann in which publi- 
cation he continued to assign them to the Tertiary. 

In the same volume, and immediately following the article 
of Dr. Hayden just mentioned, Mr. Meek catalogued and de- 
scribed a number of new species of fossils among which are 
some that were obtained from the Bear River formation at and 
near the originally discovered locality. These Mr. Meek as. 
signed to the Tertiary without comment or qualification. 


* Proc. Acad. Nat. Sci. Philad , vol. xii, pp. 126-131. 

+ Proc. Acad. Nat. Sci. Philad., vol. xii, pp. 308-315. 

t Prelim. Rept. U. S. Geol. Surv. Colorado and New Mexico, p. 91. 

§ The Bear River group as propesed by Dr. Hayden embraced strata belonging te 
three separate formations. I retain the name for only those which pertain to one 
of them. That is, for those to which the name “ Bear River” has been most 
generally applied. 
| Proc. Am. Philos. Soc., vol. xi, 1870, pp. 420-425, pl. 12. 
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In his official report for 1870 Dr. Hayden republished the 
substance of his article in the Proceedings of the American 
Philosophical Society just referred to, in which he again 
assigned the Bear River formation to the Tertiary, stating its 
position to be at the top of the Sulphur Creek section. This 
volume of reports also contains a chapter by Mr. Meek* con- 
cerning the fossils which were collected by Dr. Hayden during 
the previous year, in which he assigned to the Tertiary all those 
species which were obtained from the Bear River formation. 

In Dr. Hayden’s official report for 1871, Mr. Meek again 
catalogued the fossils from the Bear River formation under the 
head of Tertiary ;+ and in the same year Mr. T. A. Conrad 
referred this formation to the Lower Eocene upon paleonto- 
logical grounds. 

In 1872 Mr. Meek, in company with Dr. H. M. Bannister, 
visited Bear River valley and specially studied the section 
which is exposed along Sulphur Creek, near its mouth, and 
which includes besides a great thickness of marine strata those 
of non-marine origin which have just been mentioned as 
having been first discovered by Mr. Engelmann. The results 
of this study were published by Mr. Meek in 1873,§ in con- 
nection with which publication he gave a figure of the section 
referred to, accompanied by a detailed description of its mem- 
bers. In this publication he continued to catalogue the fossils 
of the Bear River formation under the head of Tertiary, but 
in his remarks upon these strata he for the first time expressed 
some donbt upon this point, and suggested that they might 
“belong to the Upper Cretaceous.” It is evident, however, 
that he was still of the opinion that their position is at the 
summit of the section, and therefore above all the undisputed 
Cretaceous strata which constitute its other members. 

The character of his discussions concerning the paleontology 
of the Bear River formation in this and in previous publica- 
tions shows that the doubt referred to was not entertained on 
account of any evidence afforded by the fossils obtained from 
those strata, all of which he regarded as of Tertiary types, but 
he seems to have been influenced by the fact that dinosaurian 
remains had then for the first time been discovered in strata 
now known to belong to the Laramie which until then had 
been by all geologists regarded as of Tertiary age, as also had 
been the Bear River formation. 

* Fourth Ann. Rep. U. 8. Geol. Surv. Terr., pp. 149-153. 
+ Fifth Ann. Rep. U. 8S. Geol. Surv. Terr., p. 376. 

¢ This Journal. III, vel. i, pp. 381-383. 

§ Sixth Ann. Rep. U.S. Geol. Surv. Terr., pp. 451-454. 
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Upon the sheet of the general atlas of the U. S. Geological] 
Survey of the 40th parallel which shows the district “py 
by Bear River, the Bear River formation is indicated as be- 
longing to the Laramie, and the areas which it was then known 
to occupy are colored in the same manner as are the true 
Laramie areas. This atlas was published in 1876, and the 
geology of the Bear River district is understood to be the 
joint work of Messrs. Clarence King and S. F. Emmons 

In his final report also Mr. King assigned the Bear River 
strata in question to the ¥ il mie 3 and he correlated those ot 
the originally discovered locality eg the mouth of Sulphur 
Jreek with the uppermost ‘beds ' the true Laramie at Blaek 

Suttes. Mr. Emmons also, his final reportt assigned the 
same strata to the Laramie 

At this time the belief had become ceneral that the Bear 
River formation, notwithstanding the material difference of 
ite fossil fauna from that of the great formation which then 
began to be known by the name of Laramie, was contempo- 
raneous with the latter, and that both hold the same relation to 
overlying and underlying formations. For these and other 
reasons the Bear River formation began, as already mentioned, 
to be known as the Bear River Laramie: that special designa 
tion indicating a reco; enition of the faunal difference between 
it and the Great Laramie formation 

The final report of Mr. Engelmann was not published until 
1876, sixteen years after the publication of his original report, 
when discussion as to the true ——. age of the Laramie 
formation, ineluding the Bear River strata, had become some- 
what prevalent. Apparently influenced “ these discussions 
Mr. Engelmann in this report expressed the belief that the 
Bear River strata are of Cretaceous : ge, although in his origi- 
nal report (loe. eit.’ thi opinion that »Y are of Tertiary age 
is plainly stated. 

Mr. Meek’s tinal rep rt to ¢ iptain Simpson on the fossils ot 
the Bear River formations is contained in the same volume 
with that of Mr. Engelmann (op. eit.) ; and in his diseussion 
of them he too was disposed to assign them to the Cretaceous, 
but he nowhere indicates a doubt that the taxonomic position 
of the Bear Rive x formation is the same as that of the true 
Laramie. He also expressed this —_— in his last published 
writing,§ where also he described and figured several of the 
eharacteristic Bear River species. 


U.S. Geol. Surv. 40th Parallel 

U.S. Geol. Surv. 40th Parallel, | 

See Simpson’s Report Great Basit of Utah, pp 
U.S. Geol. Sury 10th Parallel, vol. iv, p 163 
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In 1876 also Major J. W. Powell, who had personally exam- 
ined the geology of the district embracing the lower portion of 
Sulphur Creek and the adjacent portion of Bear River valley 
accepted the conclusions which Mr. Meek had reached con- 
cerning the order of superposition of the members of the 
Sulphur Creek section, and published a verbatim copy of 
Meek’s description of it.* In this publication Major Powell 
assigned the Bear River strata to his Point of Rocks Group, 
which is equivalent to the Laramie, but both of which he 
assigned to the Cretaceous, placing the Bear River strata at 
the summit of the Sulphur Creek section, as all the other 
geologists referred to had done. In tiie same volume I de- 
scribed several of the characteristic molluscan species of the 
Bear River formation.+ 

In certain of my writings which were published in 1877 
and 1878 I assigned the strata which I now designate as the 
Bear River formation, as well as the coal-bearing beds near 
Evanston, which are also found in Bear River valley, to the 
great Laramie formation.t Both of these assignments, how- 
ever, having been erroneous a part of the conclusions which 
were reached in their discussion were negessarily also erroneous. 

The results of some extended field observations made by 
myself in Colorado, Utah and Wyoming were published in 
1879.$ In the part of that publication which relates to the 
geology of Bear River valley I expressed the views which I 
then held concerning the relation to the Laramie formation of 
the Bear River strata and of the Evanston coal-bearing beds. 
These views were similar to those expressed in my publications 
of the two previous years except that in the later publication I 
sugyested that the Bear River strata are older than the Laramie ; 
but I based this opinion more upon paleontological, than upon 
stratigraphical ground. I repeated the expression of this 
opinion in 1383. 

In 1879 Dr. A. C. Peale published the results of his exam- 
ination of the geology of a portion of western W yoming,® in 
which publications he shows that the Bear River formation has 
a greater geographical extent than was ever before known. 
He found these strata occupying a belt of country of varying 
width, lying partly in Wyoming and partly in Idaho, and ex- 
tending northward from near the place of their original dis- 

* Geology of the Uinta Mountains, p. 158 

+ Geology of the Uinta Mountains, pp. 118, 122, 123. 

t Bull. U.S. Geol. Surv. Terr.. vol. iii, pp. 697-614. I[b., vol. iv 

§$ Eleventh Ann. Rep. U. 8S. Geol. Surv. Terr., pp 161-172. 

| Third Ann. Rep. U. 8S. Geol. Surv, p. 430. 

“ Eleventh Ann. Rep. U.S. Geol. Surv. Terr., pp. 511--644; and map accom- 
panying the 12th Ann. Rep. Also Bull. U.S. Geol. Surv. Terr., vol. v, pp. 195-200. 


96 C. A. White—On the Bearh River Formation, ete. 


covery to the 43d parallel of north latitude, a distance of about 
100 miles. Besides this he reported the existence of a nar- 
rower and shorter belt lying parallel with the other, a few 
miles farther eastward. 

Most of the strata throughout the district examined by Dr. 
Peale have been much displaced by orogenic movements and 
the structural geology there is therefore often found to be 
obscure. Doubtless because of this obscurity he failed to see 
any reason to oppose the then prevalent opinion that the Bear 
River formation is referable to the Laramie epoch, and re- 
ported that formation as overlying a series of strata which he 
assigned to the Cretaceous, but admitted that he found no 
paleontological evidence of their Cretaceous age. 

In 1877 and 1878 Prof. Orestes St. John examined the 
geology of a portion of western Wyoming, his district lying 
immediately north of the one examined by Dr. Peale, but the 
results of his work were not published until 1882. In this 
report* he shows that the Bear River strata which, following 
the then prevalent custom he assigned to the Laramie, occupy 
considerable areas in the district examined by him, one of 
them being a northward continuation of the principal belt 
reported on by Dr. Peale. These areas show a northward con- 
tinuation of the Bear River formation of about 40 miles more 
than was shown by the results of Dr. Peale’s observations, 
and they seem to mark the extreme northern limit of the 
formation. 

The structural geology of Prof. St. John’s district is even 
more obseure than that of Dr. Peale’s but his report appears 
to indicate that no marine Cretaceous strata have been depos- 
ited in the immediate neighborhood of the Bear River strata 
which he found there. Furthermore a proper interpretation 
of the reports which have been made by various geologists 
upon western Wyoming and adjoining parts of Utah and 
Idaho indicate that no true Laramie strata exist within the 
district where those of the Bear River formation oceur. This 
fact seems to have favored the erroneous identification of the 
Bear River formation with the Laramie. 

From 1881 to 1885 inclusive I published several articles in 
which reference is made to certain of the characteristic fossils 
of the Bear River formation.+ In all of those articles the 

* Twelfth Ann. Rep. U. S. Geol. Surv. Terr., Part I, pp. 175-269 and map. 

+ The following statement of the titles and places of publication of these articles. 
in addition to similar references in preceding foot notes. is given for the purpose of 
making bibliographical reference to the subject of this article as complete as prac- 
ticable. 

Tanganyika Shells. Nature, vol. xxv, pp. 10), 102. 

On certain conditions attending the geological descend of some North American 
types of Fresh-water gill-bearing Mollusks. This Journal, vol. xxiii, pp. 382-386. 

New Molluscan forms from the Laramie and Green River groups, with discussion 
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fossils of that formation are so referred to as to convey the 
idea of its equivalency to the Laramie. From the latter date 
to the year 1891, as already indicated, no direct reference to 
the taxonomic position of these strata seems to have been pub- 
lished. 

During the preparation of a Review of the North American 
Cretaceous Formations which was published in 1891, I found 
it necessary to discuss the Laramie formation in that connec- 
tion. While reviewing the literature and paleontology of that 
portion of my subject, in connection with the results of my 
personal visits to Bear River valley, I became convinced that 
the Bear River formation is older than the Laramie,* and that 
it would somewhere be found overlain by Cretaceous strata. 
This opinion I expressed on page 153 of the work referred to. 

In connection with my official duties upon the U.S. Geo- 
logical Survey during the past season Mr. Stanton accompanied 
me to Bear River valley where we together reviewed its geol- 
ogy up to the point where my previous investigations had 
ceased. It being then impracticable for me to continue field 
work I left him to pursue his investigations alone, and the fol- 
lowing article prepared by him is the result. I need only add 
that I regard as correct his conclusion that the Bear River 
formation is not equivalent to the Laramie, but that it occupies 
a position beneath the greater part, if not the whole, of the 
equivalent of the Colorado formation of the marine Cretaceous 
series. That is, instead of overlying the equivalent of the 
Fox Hills group, or No. 5, of Meek & Hayden’s Cretaceous 
section, the Bear River formation underlies the equivalent of 
the Fert Benton, or No. 2, of that section. 

It is known that certain strata exist in southern Utah in 
which several of the characteristic species of the Bear River 
formation occur. Their investigation in the near future, and 
in the light of the newly ascertained facts which have just 
been stated and referred to, is contemplated ; but because of 
present want of sufficient knowledge of the relation of those 
strata to other formations in that district they have not been 
considered in the foregoing remarks. 
of some associated forms hitherto known. Proe U.S. National Museum, vol. v, 
pp. 94-99, plates 3 and 4. 

A Review of the Non-marine Fossil Mollusca of North America. Third Ann, 
tep. U. S. Geol. Surv., pp. 411-550, plates 1-32. 

Contributions to Invertebrate Paleontology, No. 4; Fossils of the Laramie 
Group. Twelfth Ann. Rep. U.S Geol. Surv. Terr., Part I, pp. 49-103, pl. 20-30. 

The genus Pyrgulifera Meek and its associates and Congeners. This Journal, 
vol. xxix. pp. 277-280. 

* Bull. U. S. Geol. Survey, No. 82. 


98 W. Stanton —Stratigr iphic Position 


ART. he atigr Posi Lion OF the Be Pir 
Formation ¢ by T. W. STANTON. 


THE Bear River formation has been detined and the histor 
of opinion concerning its age and position have been given in 
the preceding article by Dr. C. A. White. During July and 
August, 1891, nearly all the well known localities where this 
formation occurs were rei xamined for the purpose of deter- 
mining if possible its relations to other formations in the same 
region. The results of this examination are now presented, 
and as they differ materially from the conelusions reached by 
a number of geologists who have visited the region it is 
thought necessary to give somewhat in detail the facts on 
which they are base: 

The areas studied were (1) at Bear River City,* on the 
Union Pacific railway twelve miles southeast of Evanston, 
Wyoming; (2) on Bear River seven miles north of Evanston; 
(3) near the mouth of Twin Creek and on Ham’s Fork, both 
on the Oregon Short Line ; (4) the valley of Smith’s Fork 
from Cokeville, Wyo., twenty miles northward. These locali- 
ties ‘are scattered over a narrow belt in western Wyoming 
nearly one hundred miles long extending from latitude 41° 10’ 
to 42° 20’. They will be discussed in the order in which they 
are named. 

The Bear River City Avea.—This is the place of the origi- 
nal discovery of these strata, as mentioned in Dr. White’s 
article, and nearly all of the discussions of them and their 
equivalents have been based on observations and collections of 
fossils made at this place. There is here a small area of highly 
inclined, folded and faulted Cretaceous and other strata 
surrounded and overlapped by nearly horizontal Wasatch Ter- 
tiary beds. The structure of these older beds is very compli- 
cated and many of the softer beds of shale are not satistac- 
torily exposed. It is not claimed, therefore, that all the 
structural details of this area have been worked out, but suf- 
ticient has been learned to enable us to assign most of the 
exposed strata to their proper relative positions in the section. 

The accompanying sketch map which shows the observed 
dips and strikes of some of the harder strata will render the 
descriptions more intelligible. Immediately east of Hilliard 
station there is a ridge of hard light-colored sandstone formed 
by a fanlted anticlinal fold which at this point trends nearly 


north. The dip on the west side of the fold is about 30° west. 


*This is the site of temporat nal towns on the Union Pacific 
railway, at one stage in its constructio It long vandoned and the 


place is now locally know 
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Associated with the sandstones there are shales and one or 
more thin beds of coal. Following this ridge northward it is 
soon seen to curve to the west and finally to the southwest so 
that it is carried to Bear River City where it ends abruptly. 


1, 


2 MILES. 


Fig. 1. Sketch map of small area at Bear River City, Wyoming, showing the 
location of the sections and the approximate dips and strikes of the more important 
strata. 

a, a, @ ridges of Cretaceous coal-bearing sandstone. 6, conglomerate ridge west 
of the Jurassic outcrop. The figures give the amount and the arrows indicate 
the direction of the observed dips. 


The sandstones composing it are there nearly vertical and form 
the eastern part of Meek’s section which will be quoted farther 
on. The semicircular space thus enclosed is occupied by soft 
clay shales with a few thin bands of sandstone, all of which 
show the same curved strike with dips toward the center of 
the curve. About 250 yards west of the first ridge at Bear 
River City there is a second less prominent ridge of coal-bear- 
ing sandstone that seems also to have a curved strike parallel 
with the first. It is possible that these two ridges consist of 
identical strata duplicated by a fault or fold, but positive proof 
of this was not obtained. 
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From a point about one and a half miles north of Hilliard 
another ridge of Cretaceous sandstone dipping 30° to 40° east 
extends north and northwest for about two miles. The exact 
relations of this ridge at the intersection with those just de- 
scribed were obscured by surface debris, but it is evidently 
composed of the same series of beds that constitute the other 
ridges, The sandstone is underlain by a great thickness 1000 
to 1500 feet—of tissile bluish and brownish shales not sut- 
ficiently exposed for accurate measurement. 

Immediately west of Bear River ¢ ity there is a prominent 
ridge the erest of whic] is formed DY a hard brownish con- 
glomerate trending north 28° east. It is nearly vertical and is 
continuously exposed for about four miles. All the strata im- 
mediately associated with this conglomerate and all those west 
of it have approximately the same strike. These strata are 
desecribed* in Professor Meek’s section on Sulphur Creek, and 
as my first observations were made on the same section it is 
reproduced here in order that the new facts may be clearly 
connected with those already known. In copying the figure 
(section L) the first three beds at the east end of the section are 
omitted, and names of the formations recognized are added 
beneath. 
MEEK’s SECTION. 


“‘No. 1. Black shale, only seen in the bottom of Sulphur 
Creek, thickness unknown. 
No. 2. Slope apparently occupied by clays, thickness per- 


haps 100 feet or more 
No. 3. Soft light grayish sandstone, nearly vertical_._.... 90 ft. 


No. 4. Covered space, probably occupied by clays, but 

showing some sandstone that may or may not be in 

place ; perhaps room enough for 250 to 300 feet ....-- 300 ft. 
No. 5. Two or three rather heavy beds of light yellowish 

gray sandstone, separated by clays, probably occupying 

some of the space included in division 4. Near the lower 

part two layers 15 to 18 inches each, of sandstone, con- 

taining Ostrea sole niscuUus, Trapezium micronemda, etc, 

Altogether 90 to 100 feet or more oe | 
No. 6. Greenish and bluish gray sandy clays, with some 

dark shale at places 
No. 7. Bed of good coal, said to be 74 feet in thickness 
No. 8, Heavy massive bed of light colored sandstone, 


* Ann. Rept 


| 
about 90 feet in thicl tanding nearly vertical, 
with some 3 to 5 feet indv clay between it ind the 
coal of division 7 _.. 95 ft. 
No. 9.. Gray sandy sl vith alternations of sandstone 


of the Bear River Formation. 
vo. 10. Light gray sandstone 

No. 11. Slope and unexposed space, perhaps 200 yards or 

more across, 

No. 12. Light gray sandstones and clays, including a bed 
of good coal, said to be 75 feet in thickness ; all dipping 
south-southeast 55° below horizon ; and the sandstone 
above the coal containing many casts, Zoceranus prob- 
lematicus, with a few casts of Cardium and undeter- 
mined univalves; altogether showing about 

No. 13. A valley or depression showing no rocks, perhaps 
150 yards across. 

No. i4. Ferruginous sandstone in thin layers, dipping 
northwest about 80° below horizon._..-.....--------. 

No. 15. Bluish laminated clays with, at top (left or west 
side), a two-foot layer of sandstone, containing frag- 
ments of shells not seen in a condition to be determined, 

No. 16. Clays and sandstone below (20 feet); gray and 
brown pebbly sandstone above (25 feet) 

o. 17. Brownish and bluish clays, with some beds of 
white, greenish and brownish sandstones 

No. 18. Hard gray conglomerate, standing nearly verti- 
eal, and forming crest of hill about 350 feet high 

No. 19. Slope showing above some masses of conglome- 
rate, like that of division 18, perhaps not in place, with, 
at places below this, some reddish clays; altogether 
space enough for 500 to 600 feet in thickness 

No. 20. Greenish-white sandstone 

No. 21. Brownish clays and sandy layers 

No. 22. Brownish clays and beds of sandstone, the latter 
light gray below 

No. 23. Whitish sandstone—forms crest of hill about 220 
to 240 feet in height 

No. 24. Conglomerate and some red clays.....------. -- 

No, 25. Brownish and reddish clays with a few distantly 
separated thin beds and layers of gray sandstone, alto- 
gether 750 to 800 feet in thickness 

No. 26. Gray sandstone in place, apparently connected with 
some masses (that may not be in place) so as to include 
space enough for 60 to 80 feet—forms crest of a hill ~~. 

No. 27. A long space of perhaps 260 yards or more, with 
only a few low exposures of light-gray sandstone, show- 
ing a slight westward dip. 

No. 28. Numerous thin seams and layers of dark carbon- 
aceous shales, with harder thin bands of various colored 
argillaceous, arenaceous and calcareous matter, includ- 
ing a few very thin streaks of coal; the whole being 
highly charged with vast numbers of fresh and brack- 
ish-water shells, such as species of Unio, Corbicula, 
Corbula, Pyrgulifera, Viviparus, Melampus, etc. Dip 
nearly east, about 75° below the horizon; thickness 175 
to 200 feet exposed 
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that they must be later 


observed. 


Section 


St7 atigraph 20 osition 


It seems to havi 
been assumed by 
most of the geolo- 
gists who have visit 
ed this locality that 
the beds above enum 
erated are in their 
natural order of se- 
quence beginning 
with the oldest, and 
this assumption Was 
in accordance with 
all the faets then 
known. They found 
all the strata in the 
section, with a few 
exceptions that have 
been considered un 
Important, practical- 
ly eonformable; that 
is they are nearly 
vertical and those at 
the east end contain 
well recognized Cre- 
taceous fossils, while 
those at the west end, 
con posing the Bear 
River formation, are 
filled with species 
that were originally 
described as Tertiary 
on aeceount of their 
modern aspect and 
their resemblance to 
certain European Eo- 
cene forms. Later 
the strata were re- 


garded as probably 


Cretaceous by Pro- 
fessor Meek and 
others, but their orig- 
inal reference to the 
Tertiary was tacitly 
accepted as proof 


than the marine Cretaceous beds in 
the neighborhood. This circumstance and the uncertainty as 
to the exact age of the marine Cretaceous strata have had 
great influence in preventing a correct interpretation of facts 


| 
| 
q 


of the Bear River Formation. 103 


No recognizable fossils had been found in the broad space 
between No. 12 and No. 28, and the visib’o structural and topo- 
graphic features gave no indication of tl. presence of folds or 
faults there. On careful search in this space it was found that 
the fossiliferous layer in No. 15 mentioned by Professor Meek 
contains characteristic Jurassic species and that No. 13 is in 
part occupied by fossiliferous Bear River shales, showing that 
between these two zones there is a fault the existence of which 
had not before been suspected. 

In the space No. 13 several species of Bear River fossils 
were found on the surface and less than half a mile northeast 
along the strike the same forms were found in place in eal- 
careous and argillaceous shale of which about 250 feet are ex- 
posed. The following forms were obtained : 

Pyrquifera humerosa Meek, 
Corbula pyriformis Meek. 
Goniobasis chrysalis Meek. 
Goniobusis chrysaloidea White. 
Goniobasis macilenta White. 

These are all characteristic and easily recognizable Pear 
River forms, all of which occur in No. 28 of Meek’s section. 
The zone was traced by means of small exposures and of fos- 
sils on the surface, north-northeast along the strike, to Stowe 
Creek, a distance of two miles. 

500 or 600 feet west of these Bear River strata the fossilif- 
erous layer in No. 15 mentioned by Professor Meek, yielded 
the following Jurassic species : 

Belemnites densus M. and H. 
Trigonia quadrangularis Hall and Whitf. 
Myacites (Pl uromya) weberensis Meek ?. 

Numerous examples of the first named species were found. 
It is one of the most common and characteristic forms of the 
Jurassic of the Rocky Mountain region. Zrigonia guadran- 
gularis is not So well known, but the type is from Jurassie | 
strata near Como, Wyoming. The J/yacites is abundant 
though not well preserved and there is some doubt as to the 
stratigraphic position of the type specimen which was referred 
to the Jurassic for paleontologic reasons. The evidence of the 
Jurassic age of this layer furnished by the first two species is, 
however, regarded as conclusive. The fossils were found for 
about half a mile along the strike. The other associated beds 
that are referred to the same age were so assigned because no 
reasons were found for separating them. 

From No. 14 to No. 27 inclusive only the harder beds are 
exposed and the descriptions of the others are based on the 
character of the surface debris. It is evident, however, that 
none of these strata are duplicated as they would be if the 
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duplication of the Bear River shales had been caused by a 
simple fold. This part of the series and the overlying beds 
are more fully exposed in the section on Stowe Creek, whicl 

will be deseribed. The beds in space No. 27 are very mucl 

disturbed and only slightly exposed. Besides the nearly hori 

zontal outcrops of sandstone figured by Prof. Meek there are, 
a short distance east of the fossiliferous No. 28, two almost 
vertical bands of gray sandstone containing fragments of dicoty 

ledonous leaves, while the outerops 2U0 yards north show 
similar sandstone dipping 45° west. It will be seen on exam 

ining the corresponding part of the Stowe Creek section that 
this confused condition as well as the apparent fold in No, 28 
are purely loeal, the only movement there indicated being a 
slight change in dip. 

On the direct line of Meek’s section there are no more 
exposures for a long distance because it passes into the valley 
of Sulphur Creek and thence down through the meadows on 
Bear River. But following the strike of No. 28 less than half 
a mile north-northeast it was found that the fossiliferous Bear 
River shales are succeeded westward by thin beds of gray 
sandstone (about 60 feet) and these by bluish and brownish 
fissile shales, of which about 1000 feet are exposed, containing 
numerous teleost fish scales. The strata are then covered for 
one-fourth of a mile or more to Millis Station where there isa 
tunnel on a nearly vertical bed of coal six feet thick. The 
associated beds are not exposed and the hills a short distance 
northwest are composed of horizontal Wasatch strata. 

In the same way the Bear River shales were followed along 
the strike south-southwest for two miles from the line of the 
section and were there found to underlie the high hill on the 
east bank of Bear River. At this most southern exposure 
there is a covered space of about 500 feet in the meadows along 
Bear River. The hills on the west bank show some thin bands 
of sandstone followed by several hundred feet of bluish and 
brownish shales with teleost fish scales and crushed specimens 
of a Prionocyclus (perhaps £?. Woolgari). These are evidently 
the same as the beds above mentioned lying west of the Bear 
River shales and belong to the lower part of the Colorado for- 
mation. A few hundred feet northwest of this locality there 
is an exposure of 145 feet of alternating sandstones, shales and 
carbonaceous layers with Colorado Cretaceous fossils. The 
dip is about 80° northwest, the same as that of the other beds 
just mentioned. On the uneven edges of this most westerly 
outcrop of the Cretaceous are the horizontal clays and sand- 
stones of the Wasatch Tertiary. Several years ago Dr. White* 
gave a list of species collected at this point and referred them 
to the Fox Hills group. All the identified forms also occur 


*11th Ann. Rept. U. S. Geol. Surv. Terr, p. 248. 
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in the coal-bearing Cretaceous sandstones near the east end of 
Meek’s section, which are now known to belong to the Colorado 
formation.* 

Two miles north of Sulphur creek another small stream, 
Stowe creek, has cut a deep valley across the upturned strata 
showing good exposures of most of them. The following 
detailed description will show that it supplements the Sulphur 
ereek section, especially in the w estern halt. The strata are 
all slightly overturned, dipping 75° to 85° east. The beds are 
numbered from east to west. (See section 2) 


SECTION ON STOWE CREEK. 
Bear River Formation. 
Obscure exposures of dark shales with calcareous bands 
containing Pyrgulifera humerosa, Corbula pyrifor- 
mis, Goniobasis chrysalis, ete. 
2, Covered space about 500 ft. 
Jurassic ? 
Reddish shales and shaly sandstones. Dip 85° east... 100 ft. 
Light bluish shales with some sandstones near base..-- 120 ft. 
Reddish shaly sandstone 200 ft. 
Shales and gray sandstones not well exposed 100 ft. 


Dakota? 
Brown conglomerate of small pebbles. Dip 85° east._ 150 ft. 
Covered in a valley 250 ft. 
Brown sandstone.--- 15 ft. 
Reddish and bluish ‘soft shales with some thin bands of 
sandstone mostly covered . 350 ft. 
Brown sandstone 20 ft. 
Variegated shales with thin beds of s 425 ft. 
Coarse gray sandstone - - 200 ft. 
Bluish and reddish shales 100 ft. 


* The reference of all the coal-bearing Cretaceous sandstones of this neighbor- 
hood to the Colorado formation requires a word of explanation. There has been 
much discussion concerning the age of these beds and their equivalents at Coal- 
ville, Utah A number of invertebrate species have been described from them, 
none of which excepting Jnoceramus problematicus was known to occur in any of 
the members of the Meek and Hayden section east of the mountains. Lithologi- 
cally they have some resemblance to the Montana (Fox Hills) formation, and they 
are underlain by beds of dark shales of the Colorado. For these reasons they have 
been most frequently referred to the Fox Hills, now called the Montana formation. 
My field work during the last two seasons has shown (1) that a large number of 
the species of this peculiar fauna occur in the Colorado formation, east of the moun- 
tains in southern Colorado, associated with the characteristic species of that forma- 
tion; (2) that some of these characteristic species also occur in the Coalville beds 
We must therefore conclude that the Colorado formation attained an unusual thick- 
ness along this western coast of the interior Cretaceous sea and that the local 
peculiarities of its fauna as well as the greater thickness and coarseness of the 
sediments are due to the proximity of the shore. These facts will be fully demon- 
strated in a paper now in preparation and they are mentioned here only because 
they have an important bearing on the age of the Bear River formation. 
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Coarse gray sandstone. Dip 85° east 
Bluish and reddish shales eee. 


Total* 
5. Bear River Formation. 
Brown sandstone. Dip 75° east es 20 ft. 
Soft gray shales... 25 ft. 
Gray sandstone . ..-..-- 10 ft. 
Dark shales with calcareous bands containing numerous 
fossils— Pyrgulife ra humerosa, Corbula pyriformis, 
Vnio belliplicatus, ete. 250 ft. 
10 ft. 


400 ft. 

10 ft. 

Soft 
Gray sandstone. Dip 75° east 20 {t. 


Colorado Formation. 
Bluish fissile shales with many fish scales and a few 
marine Cretaceous invertebrates, exposed about 500 ft. 


The space for about half a mile west shows only a few small 
exposures of shales. At this point an opening has been made 
on a bed of coal six feet thick and dipping 75° east. This is 
doubtless the same coal bed as that which occurs at Millis 
station. The associated strata are concealed by soil and by 
debris from the horizontal Wasatch beds that cap the adjacent 
hills. 

East and north of this section, in the area between the ridges 
indicated on the foregoing map, there isa valley in which there 
are no exposures excepting around its margin. On the east 
side, as has already been mentioned, the Cretaceous sandstones 
with a strong eastward dip are underlain by 1000 to 1500 feet 
of shales with fish scales, Cardium pauperculum, ete., that are 
the equivalent of the shales overlying (west of) the principal 
exposures of Bear River beds. It will be noticed that these 
shales do not appear in the section on Sulphur Creek between 
the eastern belt of the Bear River formation and No. 12. The 
latter which is evidently not in its normal posture, seems to 
have been thrust over on the shales thus concealing them. A 
short distance north of the section the divergent strike of the 
two formations gives ample room for the shales though they 
are not exposed. 


*It is probable that a large part of this member of the section belongs to the 
Bear River formation 
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From the faets just given in detail the following deductions 
are made: 

The latest strata embraced in Meek’s section on Sulphur 
Creek are not those of the Bear River formation as he sup- 
posed but are the dark shales, No. 1, at the east end of that 
section which occupy asyncline between Hilliard and Bear 
River City. 

2. Between Nos. 13 and 14 of Meek’s section or perhaps 
within the space No. 13, a reversed strike fault along the axis 
of a sharp anticlinal fold has brought Jurassic strata in contact 
with the eastern belt of fossiliferous Bear River shales, conceal- 
ing the intervening beds. 

3. These recognized Jurassic strata are overlain by a con- 
ered able thickness of conglomerates, sandstones and shales of 
which the age is not known, though for stratigraphic reasons 
they are doubtfully referred to the Dakota. 

The Bear River formation rests on the last mentioned 
beds and as just indicated is conformably overlain by the shales 
and sandstones of the Colorado Cretaceous. 

It will be seen that the facts obtained at other localities tend 
to confirm these conclusions. 

The Area seven miles north of Evanston.— From Evanston 
northward along the east bank of Bear river for five or six 
miles the hills consist of reddish brown conglomerates, sand- 
stones and shales at the top underlain by lighter colored sand- 
stones with shales and heavy beds of coal (the Almy mines), 
all dipping 10° to 15° southeast. Dr. White in his later writ- 
ings refers all of these beds to the Wasatch while Mr. Emmons 
and others have regarded the coal as belonging to the Laramie. 
A short distance north-northwest of the most northerly of the 
Almy coal mines is a hill composed of the characteristic shales 
of the Bear River formation with very many fossils, including 
almost all the species found in that formation at Bear River 
City. The beds are exposed fora mile or more northward 
parallel with the course of the river. They have about the 
same, or in some places a less dip than the coal-bearing series, 
with which they have no other characteristic incommon. The 
contact between the two formations is concealed in a valley 
where there is probably a fault. On the west slope of the hill, 
adjacent to the river valley, the Bear River shales are uncon- 
formably overlain by soft reddish brown sandstones and-shales 
of the Wasatch Tertiary, dipping west, so that both the top 
and the bottom of the Bear River beds are effectually concealed. 

It is worthy of note that about six miles north of this locality 
a high ridge of Carboniferous limestone is brought up by a 
fold the axis of which if prolonged would pass a little west of 
the Bear River exposure. The conditions observable in this 
area, however, throw comparatively little light upon the ques- 
tion of the taxonomic position of the Bear River formation. 
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All of the localities remaining to be considered are in the 
area which was examined by Dr. “A. C. Peale in 1877, by whom 
collections of fossils were made from the Bear River strata at 
the most of them. His report* on the region referred to was 
published in 1879 and his map of it accompanied the twelfth 
annual report of the Survey of the Territories which was not 
issued until 1882. 

Localities on Twin Creek and Hams Fork.—Thirty-five 
miles north of Evanston at Sage station, near the mouth of 
Twin creek, there is an abandoned mine on a thin bed of 
coal dipping about 35° northwest. Above the coal there is a 
considerable thickness of sandstones interstratitied with argil- 
laceous and siliceous shales none of which yielded any fossils. 
In a thin bed of sands tone, 15 or 20 fe et be low the coal Modiola 
multelinigera, Barbatia coalvillensis and a few other species 
of the Colorado Cretaceous were found. 400 or 500 feet east 
of (below) this there are exposures of sandstones and caleare- 
ous shales containing Bear River fossils, interstratified with 
thin seams of coal on some of which exeavations have been 
made. <A figure of the section and a list of the Bear River 
species collected here has been published+ by Dr. Peale. He 
states that the fossils there enumerated came from above the 
coal. It is probable however, that one of the lower coal seams 
is referred to and that the bed in the Colorado formation was 
not then opened. On the south side of the creek less _ 
half a mile from the coal mine there are obscure oute rops of 
fossiliferous Terti: ry limestone that also dips northwest, Paoli 
ing that it is involved in the folds and faults of the neighbor- 
hood. 

On Ham’s Fork there isa somewhat similar condition of 
things. This locality is about twenty-five miles east of the 
one last described and a mile east of Waterfall station. On 
the western border of the small area mapped as Jura-Trias by 
Dr. Peale there is a very small exposure of Bear River beds 
dipping 45° to 70° west. The fossils obtained include the fol- 
lowing characteristic forms ; 

Pyrqulifera humerosa. Unio vetustus. 
Corbula pyriformis. Onio belliplicatus. 
Corbicula durkeei. 


The apparent thickness of the calcareous shales containing 
these fossils, with the associ: ated thin bands of sandstone, is 30 
or 40 feet, and the length of the exposure is only about 200 
feet. The contact with the underlying beds is not shown. 
They consist of reddish brown and purplish shales and beds of 
hard brown and gray sandstone with variable westward dips. 


ept. U. S. Geol. Surv. , pp. 511-646. 
575 and Pl. LXVII 


* 11th Ann. R 


+ Op. cit., p. 
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On the west the Bear River formation is overlapped by a 
light-colored caleareous sandstone, interbedded with greenish 
clays and soft yellowish sandstones. The dip varies from 10° 
to 20° west and the total thickness seen is about 50 feet. The 
calcareous band contains Goniobasis tenera, Unio haydeni, 
Viviparus paludineformis and other characteristic species of 
the Wasatch Tertiary. The few exposures in the space extend- 
ing one half mile farther west shows that these Wasatch beds 
are folded in a gentle syncline beyond which the shales, sand- 
stones and coal seams of the Colorado Cretaceous appear with 
dips varying from 20° to 29° west. The top of the exposed 
section is formed by the sandstones of Oyster Ridge, which 
are, in part at least, the equivalent of similar Cretaceous sand- 
stones at Bear River City and at Coalville. It is believed that 
a large part of the Bear River formation and a considerable 
thickness of Colorado shales and sandstones are concealed 
beneath the folded Wasatch Tertiary beds above mentioned. 

The Valley of Smith’s Fork.—Smith’s Fork empties into 
Bear River at Cokeville (formerly called Coketon) nearly 
twenty miles north of Twin Creek, The last three miles of its 
course is west, but above that for twenty miles it flows almost 
south. The stream was followed for that distance to the 
second great bend in its course where it approaches nearest to 
the head waters of Thomas’ Fork. The narrow drainage area 
of this part of the stream is only from four to eight miles wide 
and lies between the Sublette range on the west and a name- 
less range, the southern continuation of the Salt River range, 
on the east. Nearly all the beds underlying this valley belong 
to the Bear River formation which has here a greater thickness 
than at any other locality visited. The strata are much folded, 
there being an anticlinal fold and two synelinals—one of which 
is replaced by a fault in the southern portion—between the 
two ranges and parallel with them. 

A few detailed sections are given below to — the strue- 
ture, and for comparison with the sections near Bear River 
City. 

At Cokeville the Carboniferous limestones are brought up 
ina sharp broken fold forming prominent hills on both sides 
of Smith’s Fork. The upper portion of the overlying strata 
that are doubtfully referred to the Triassic yielded a number 
of imperfectly age fossils belonging to the genera Avic- 
ulopecten, Lingula, Cumptonectes (?) ete, that have not been 
specifically determined. They indicate that the strata contain- 
ing them are certainly not later than the Jurassic and they are 
believed to belong to the “ Meekoceras Beds” which have been 
referred to the Triassic. The beds immediately overlying are 
concealed by a fault which brings these Triassic (?) limestones 
in contact with the Bear River formation which rests on a 
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series of alternating sandstones, shales and conglomerates 
Beneath the conglomerate there are reddish brown thin bedded 
sandstones and sandy shales forming the axis of an anticlinal 
fold. No fossils were found in the latter beds but they have 
a close resemblance to the strata in which Jurassic fossils were 
found near Bear River City, and they are separated from the 
Bear River formation by similar conglomerates and sandstones 
at both places. 


CoKEVILLE SECTION. 
From the mouth of Smith’s Fork eastward. 


1. Carboniferous. 
Blue limestone and shales in a sharp anticlinal fold... 1200 ft. 
Thin bedded limestone and shales with some arenace- 


600 ft. 


2. Triassic ? 
Red shales and sandstones not well exposed ....-..-. 700 ft. 
Blue, limestone with Aviculopecten, ete. Dip 70° east, 150 ft. 


3. Bear River Formation. 
Dark shales with carbonaceous seams and caleareous 
layers containing numerous specimens of Corbula 


50 ft. 


pyriformis, Cnio belliplicatus and other Bear River 
species. Dip 60° west. This is scen in a tunnel 
that has been driven in search of coal. 

Mostly covered for a distance of 2250 feet. In this 
space there are some small exposures of shale and 
two or three bands of sandstone one of which con- 
tains Ostrea. 

Variegated shales and thin bands of sandstone. The 
west half contains Pyrgulifera humerosa, Gonio- 
basis macilenta, ete., and several seams of coal on 
which some mining has been done. Dip 80° west. 
Thickness about. 

Total thickness probably .....--. 

4, Dakota? 

Alternating beds of coarse gray and brown sandstone, 

and covered spaces that are probably underlain by 

Brown pebbly conglomerate. Dip 80° west......--. 1 


5. Jurassic ? 
Greenish gray shales and shaly sandstones -.-...-- -- 75 ft. 
Reddish brown thin bedded sandstones with some 
sandy shales. Dip at top 75° west diminishing to 
65° at the base. Estimated thickness to the river.. 400 ft. 


475 ft, 


OO it. 
0 ft. 
25 ft. 
25 ft. 
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The section here crosses Smith’s Fork at the bend and the 
strata are concealed in the level river valley for a quarter of a 
mile. Then there are exposures of brown conglomerate and 
sandstone dipping about 50° east that are evidently the equiva- 
lents of the lower beds in No. 4. Still farther west along the 

north side of Pine 
Creek there are char- 
acteristic exposures of 
the bluish and varie- 
gated Bear River 
shales, beyond which 
all the strata are cov- 
ered for a mile or more 
to the range of hills 
that here forms the 
boundary between the 
Bear River and Green 
River drainage areas. 
The beds on the west- 
ern flank of this range 
. are the gray and blue 
ealeareous shales that 
Dr. Peale referred to 
the Jurassic * Penta- 
erinus Beds.” 

The strueture indi- 
eated by the dotted 
lines in the figure 
(Section 3) was seen in 
the continuation of this 

ogni £25 belt both north and 
south of the line of 
the section. 

About twelve miles 
north of Cokeville a 
small stream, not 
named on the maps, 
cuts a deep gorge 
through the plateau on 
the east side of Smith’s 
Fork and shows the 
general character of 
the underlying beds. 
The strike of the strata 
is generally very con- 
stant in this region, 
nearly parallel with the 
course of the river. 
This section therefore 


Furasste 
Section 5, west side 


s north of Cokeville. 


ear Tliver 


Neal 


Thartlhiver 


Secttor 


near Cokeville, 


Section 3, 


Section 3. 


112 T. W. Stanton—Stratigraphic Position 


supplements the preceding one as it shows the beds east of the 
synclinal fold. 

seginning at the river the following beds are exposed in 
descending order. (See Section 4). 


SECTION ON THE East or Smitn’s Fork. 


1. Bear River formation. 

Bluish argillaceous and calcareous shales with occa- 
sional thin beds of gray sandstone. Fossils are 
abundant especially in the upper half. There are 
also a few fossils (a small Gasteropod and nutlets of 
Chara) at the base. Dip 55° to 60° west. Thick- 
ness about. .......- 3000 ft. 

2. Dakota? 

Brown pebbly conglomerates and coarse sandstones 
alternating with covered spaces. Total thickness 

3. Jurassic ? 

A space nearly a mile wide that is mostly covered but 
the surface debris and numerous small exposures 
indicate that it is underlain by reddish brown sand- 
stones and sandy shales. Dip 55° or 60° west. 
Thickness... - 

4, Jurassic. 

Greenish gray laminated calcareous sandstone -.- 100 ft. 

Blue and gray calcareous shales. Thickness undeter- 
mined, 

No. 4 is the “ Pentacrinus Beds” of Dr. Peale’s general sec- 

tion* of the Jura-Trias in this region. 


3000 ft. 


Five miles farther north a part of the section on the west 
side of the stream was measured. The river is here in a syn- 
clinal valley as it was at the preceding section, but it cuts 
across the strata at a low angle so that near Cokeville it has 
passed west of the syncline and cuts through an anticlinal as 
we have seen. (See Section 5.) 


Srcrion oN WeEstT SIDE oF Smitn’s Fork. 


1. Dakota ? 
Brown conglomerate and coarse sandstone, partly cov- 
ered. It crops out ou the crest and eastern slope of 
the divide between Smith’s Fork and Thomas’ Fork. 
Dip 55° east. Thickness - Bees ‘500 or 600 ft. 
2. Bear River formation. 
Covered. Farther north this space was seen to con- 
sist principally of shales with obscure Gasteropod 
sasts near the base and with Unio vestustus and Cor- 
bicula durkeei at the top. Thickness-.--.. ... 900 ft. 


* 11th Ann. Rept. U. § ol, Surv. Terr., p. 623. 
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Greenish sandstone weathering to a dark brown. It 
contains Unio vestustus, Limnea (limnophysa) ni- 
tidula and a few other fossils. Dip 55° east. Thick- 


Gray sandstone containing a few vaceeuanaied leaves* 
Bluish argillaceous and caleareous shales with some 
thin bands of sandstone. Bear River fossils are 
numerous in the calcareous layers. The dip seems 
to remain constant at 55° east to the river plain of 
Smith’s Fork making a thickness of 2200 ft. 


3420 ft. 


The level meadows of the river plain are about half a mile 
wide, and the east bank of the stream directly opposite is com- 
posed of Bear River strata dipping 60° west. 

Three miles north of the last section the divide between 
Smith’s Fork and Thomas’ Fork is made up of fossiliferous 
Bear River shales and sandstones dipping east. The underly- 
ing sandstones and conglomerates (base of preceding section) 
are sharply folded in an “anticlinal, west of which the highly 
fossiliferous Bear River beds again appear inasynelinal. Still 
farther west along Thomas’ Fork the reddish brown thin bed- 
ded sandstones and sandy shales beneath the conglomerate are 
exposed. 

General Discussion of the Sections.—The following table 
based on the detailed sections shows the relative positions of 
the different Cretaceous formations described and their cor- 
relation with the members of the complete upper Cretaceous 
section of the Northwest, in which the Colorado formation is 
the equivalent of the Fort Benton and Niobrara groups of the 
Meek and Hayden section and the Montana is the equivalent 
of the combined Fort Pierre and Fox Hills of the same section. 


TERTIARY. Wasatch. Conglomerates, coarse sandstones and shales with coal 
at the base. 
Laramie. Wanting, or included in the above. 
Montana. Not positively identified. 
Colorado. Shales and coal-bearing sandstones. Thickness not less 
95 
CRETACEOUS. than 2500 ft. 
Bear River. Very fossiliferous argillaceous and calcareous shale 
alternating with thin beds of sandstone. 
Dakota? Conglomerates and coarse sandstones. Thickness of 
last two 2500 to 4000 ft. 


Belemnites Thin bedded sandstones and sandy shales. 
Beds. 


JURASSIC. 


*The fragmentary from this formation not yet been 
studied. 
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It has already been shown that the lower 400 or 500 feet of 
the sections near Bear River City is of Jurassic age. In the 
more northern areas beds of much greater thickness—not less 
than 3000 feet—of similar lithologic character and holding the 
same position relative to the overlying formations are believed 
to be of the same age, although no fossils were found in them. 
These beds rest conformably on easily recognizable calcareous 
shales and limestones from which Pi ntacrinus asteriseus and 
other characteristic Jurassic fossils have been obtained. 

Above these beds comes a considerable thickness ot con- 
glomerates, coarse sandstones and_ shales separated from the 
preceding by great differences in the character of the sedi- 
ments, and closely associated with the Bear River formation 
throughout the entire region, though at a few localities they 
are not exposed. The conglomerate at the base is a very 
irregular deposit, vary ing within short distances tTroma brown 
or gray cross-bedded sandstone toa conglomerate composed of 
pebbles two inches or more in diameter. The general charac- 
ter, however, remains constant and the bed is easily recognized. 
In the sections I-have ealled this formation the Dakota?? and 
have assigned to it in each case all the non-fossiliferous beds 
above the base of the conglomerate and below the recognized 


Bear River beds. [t 1 evident that a portion if not all of 
the strata in these sections between the Jurassic and the Colo- 
‘ado Cretaceous must be the equivalent of the Dakota forma- 


tion, but the division here made is simply one of convenience. 

Of the 3000 to 8500 feet of strata assigned to the Bear 
River formation at the more northern localities at least 2500 
feet contain identified fossils characteristic of the formation. 
The 900 feet at the base is not usually fossiliferous but it con- 
tains nutlets of Chara and small Gasteropods indicating that 
it is of fresh-water origin, and there seems to be no reason for 
separating it from the overlying beds. The lithologie charac- 
ter of the Bear River formation is very constant throughout 
the whole region, as the detailed sections have shown. Its 
thickness increases northward as far as my examination ex- 
tended. There is not so great a difference in this respect, 
however, as the arbitrary division of my sections would indi- 
cate, for it is probable that near Bear River City enough should 
be transferred from the Dakota? to the Bear River formation 
to make the thickness of the latter nearly 2000 ft. 

The Colorado formation as it occurs at Bear River City, rest- 
ing immediately on the Bear River beds, has been sufficiently 
described. It was not found north of Twin Creek. 

The Montana formation was not positively identified at any 
of the localities studied. Possibly a part of the shales be- 
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tween Hilliard and Bear River City should be referred to it 
and it may occur in the upper portion of Oyster Ridge and 
west of that ridge near Ham’s Fork. 

The true Laramie does not occur in the region under disens- 
sion, unless the coal-bearing series north of Evanston and its 
equivalent west of Ham’s Fork belong to that formation. It 
has already been stated that the Evanston coal should probably 
be referred to the Wasatch. 

Corroborative Facts.—(1) The reports of Dr. A. C. Peale and 
Prof. O. H. St. John* show that this formation extends north- 
ward beyond Snake [iver to latitude 48° 45’ and covers con- 
siderable areas. Both these geologists state in their reports 
that they did not find Cretaceous fossils beneath the Laramie, 
that is, the Bear River formation. At the few localities where 
they found undoubted marine Cretaceous its stratigraphic rela- 
tion to the “ Laramie” was not determined. 

(2) Prof. St. John found it impracticable to separate the 
post-Jurassie formations of his district, and he frequently 
speaks of the Laramie, meaning the Bear River strata, as con- 
formable with the Jurassic. 

(3) In the Smith’s Fork region Dr. Peale mapped a narrow 
band between the Jurassic and the “* Laramie” as Cretaceous, 
but he did this only because there is a considerable thickness 
of non-fossiliferous beds (the “ Jurassic ”? of my sections) over- 
lying the recognized Jurassic and beneath the Bear River for- 
mation which was then regarded as Laramie. 

(4) The fauna of the Bear River formation is unique. Of 
the more than thirty species now known in it not one has been 
found in the true Laramie nor in any of the other fresh-water 
formations of the West. 

These facts were all perplexing as long as the Bear River 
formation was placed at the top of the Cretaceous, or in the 
Tertiary, but they become significant and are much more easily 
explained when it is known that its true position is near the 
base of the upper Cretaceous and separated from the Laramie 
by several thousand feet of marine strata. 

In conclusion it should be stated that my grateful acknowl- 
edgments are due to Dr. C. A. White whose previous investi- 
gations had led him to believe that the Bear River formation 
is older than the Laramie. He accompanied me to the typical 
localities and identified for me the various points mentioned in 
previous reports. His suggestions and advice have also aided 
me greatly in the preparation of this paper. 

*11th Ann. Rept. U.S. Geol. Sur. Terr., pp. 363, etc.: 12th Ann. Rept. Pt. 1, 
p. 188, ete.; see also sections on plates 4, 7 and 9 and the maps accompanying 
the latter report. 
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ART. XV Tron U7eés oF the Marquette District oF 
Michigan by ©. R. Van HIske. 


BEFORE considering the subject of this article, it is well to 
recall the general views held by the late Prof. Irving as to the 
Lake Superior ore-b ring formations, and those of the write! 
as to the position and ort nesis of the ores of the Penokee dis- 
trict. Prof. Irving maintained that the ores, jaspers and 
associated rocks are derived directly or indirectly by the altera- 
tion and silicification of an original lean iron-bearing carbo- 
nate.* A detailed stu ly ol the Penoke e-Gogebic district led 

llow ing eonelusions lirst, the original 


the writer to the fol 
rock of the iron-bearing formation was a lean cherty carbonate 
of iron, magnesium and calcium; second, the various phases 
of rock now found in this formation, such as chert, jasper, 
magnetite-actinolite schists and ore-bodies, are all produced 
from this original carbonate by various alterations, the pro- 
cesses involved in which are described in detail; third, the 
ore deposits oceur in bodies which all reach the surface of the 
2arth, which have a longitudinal pitch and are roughly tri 
angular in cross-section. One of the lower sides of each 
triangle is bounded by an impervious dike-rock, the other by 
an impervious slate-formation; fourth, the ores in their present 
positions are concentrates produced by downward percolating 
waters which carried iron carbonate to the apices of the 
troughs, where it was precipitated by oxygen brought by 
waters coming more directly from the surface. At the same 
time silica was removed. 

At the close of the description of the Penokee ores, atten- 
tion was called to the fact that in certain respects the occur- 
rence of the Marquette ores are analogous; but at that time } 
the study of the latter had not extended far enough to give 
anything more than a general statement that it was probable 
that the same principles of concentration are applicable to the 
ore-deposits of both regions. Since that time a systematic 
investigation of the entire Marquette district has been under- 
taken, and while the study of the iron-bearing formation is far 
from complete, certain results have been reached, to set forth 
which is the object of the present paper. 


* Origin of the Ferruginous Schists and Iren Ores of the Lake Superior region, 
R. D. Irving: this Journal, III, xxxii, pp. 255-272, 1886. 

+ The Iron Ores of the Penokee-Gogebic Series of Michigan and Wisconsin, C. 
R. Van Hise: this Journal, III, xxxvii, pp. 32-48, 1889: The Penokee Iron-bear- 
ing Series of Michigan and Wisconsin, by R. D. Irving and C. R. Van Hise: 


Tenth Annual Report of the Director of the U. S. Geological Svrvey, 1888-89, pp. 
341-507. 


C. R. Van Hise—Iron Ores of Michigan. 117 


In much of the field work upon which this article is based, 
I was in company with Prof. Raphael Pumpelly. The com- 
mon conclusions reached at this time are consequent upon our 
joint observations. To Mr. James R. Thompson, Mining 
Engineer of the Lake Superior mine, I am indebted for de- 
tailed observations upon the forms and relations, and for plats 
of many of the ore-deposits of the Ishpeming-Negaunee area. 
From these plats several of the figures are taken. 

Two ore-bearing formations.—The ore-deposits of the Mar- 
quette district occur in two formations. It has been recently 
recognized that these formations belong to different series, 
separated by a great unconformity, and therefore that one of 
the two is much older than the other.* The superior of these 
is here called the Upper Marquette series, the inferior the 
Lower Marquette series. The known ore-deposits in the upper 
series are much less important than those in the lower, and 
unless expressly stated the Lower Marquette series is always 
referred to.t+ 

Character of Lower Marquette ore-bearing formation.—The 
ore-deposits of the Lower Marquette series all occur in or are 
associated with a single formation, known as the ore-bearing 
formation. 

The non-fragmental character of the quartz and partly indi- 
vidualized silica associated with the ore-bearing formations of 
the Lake Superior region has been insisted upon in papers 
already published. The part of the Marquette iron-bearing 
formation containing the majority of the ore-bodies consists 
normally of bands of nearly pure silica, alternating with 
bands composed chiefly of oxides of iron, although frequently 
bearing more or less silica. The alternating layers are gene- 
rally not more than an inch in thickness and are more fre- 
quently in the neighborhood of half an inch. A single layer, 
if followed for some distance, is usually found to gradually 
narrow and die out or to have a rounded oval termination. 
Sometimes the belts of quartz are so short as to be no more 
than tolerably long ovals. When the quartz is free from oxide 
of iron it has a white color and is usually called chert, although 
the microscope shows that the silica is wholly individualized. 
When the exteriors of the quartz granules are stained with 
hematite, or particles of hematite are included within them, 
giving the siliceous bands a red color, the material is called 
jasper. It is a general rule that near the top of the forma- 

* An Attempt to harmonize some apparently conflicting Views of Lake Su- 
perior Stratigraphy, C. R. Van Hise: this Journal, III, xli, pp. 117-137, 1891. 

+ For the equivalents of the Upper and Lower Marquette series in other parts 
of the Lake Superior region, see paper cited. 

Am. Jour. Scr.—TairD SEertEs, VoL. XLIII, No. 254.—FrEprvary, 1892. 
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tion the silica is all or nearly all jasperized. In passing to 
lower horizons less and less of it is jasperized, until in the 
lower parts of the formation the siliceous bands are white. 
In the cases in which the jasperization is incomplete, it usually 
affects the outer parts ot the bands and progresses inward. 
Frequently all stages may be seen between completely jasper- 
ized bands and those in which the jasperization has begun to 
affect only an outer film of the layers. It sometimes happens 
that above a band of paint-rock or soap-rock the silica is all jas- 
perized, while below it is the white chert. It follows from the 
foregoing that we have associated with many of the ore-bodies, 
either banded ore and chert or banded ore and jasper. 

The remaining important variety of rock associated with 
the ore is magnetite-actinolite schist. Where magnetite is the 
prominent oxide of iron,. actinolite or griinerite* is almost 
always present. In this phase of material the iron is mainly 
concentrated into layers, giving the rock a banded appearance 
the Same as with the ferruginous cherts and jaspers. 

Recent study has shown that iron carbonate is also an im- 
portant constituent of the ore-bearing formation. Messrs. W. 
S. Bayley and W. N. Merriam have most frequently found 
this material at places where the formation dips under a green- 
stone. In one ease iron carbonate oceurs abundantly in the 
deeper workings of a mine. Transitions are seen between the 
unaltered carbonate and those phases of the formation in 
which the carbonate is partly or wholly oxidized to limonite, 
hematite or magnetite 

It is believed that the cherty carbonate of iron, as first advo- 
cated by Irving, is the vriginal source of the various forms of 
ferruginous rocks occurring in the ore-bearing formation. 
However, it is not the purpose of the present paper to con- 
sider in detail the processes by which the many kinds of rocks 
were produced. This part of the subject for another district 
has already been somewhat fully treated.4 

Associated formations. —In considering the character, posi- 
tion and genesis of the ore-deposits, it is necessary to take into 
account two associated formations: the overlying conglomerate 
and quartzite of the Upper Marquette series, and the erup- 
tives. 

The eruptives oeeur in bosses and in dikes. They were 
originally diabases, but frequently have passed over into dio- 
rites, and these again have further altered. In the northeast 
part of the great ore-producing township of Marquette county, 
pa 47 Bis R. 27 W., isa large area of greenstone. This area 

* Notes on Michigan Minerals, A. C. Lane, H. F. Keller and F. F. Sharpless: 
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is almost encircled by a series of mines, which lie contiguous 
to the outer border or in the valleys between outlying bluffs. 
In many eases the greenstone in nearing the ore formation 
grades into a laminated rock, which has undergone profound 
alteration as a result of leaching and shearing. Thus changed, 
it is known as soap-rock, or when stained with iron oxide, as 
paint-rock. Numerous sections and diamond drill holes have 
so frequently shown all gradations between the massive diorite 
and the schistose soapstone and paint rocks as to leave no 
doubt whatever of their actual continuity. Beside the large 
masses of greenstone within or associated with the iron-bearing 
formation are numerous dikes of the same material. These 
sometimes run nearly parallel to the lamination of the ore- 
formation, but more frequently cut across it at a ener a or 
lesser angle. These dikes are usually altered throughout, 
that in general they have not been recognized as eaten 
rocks. Like the altered parts of the greenstone bosses, they 
are called soap-rock or paint-rock. That they are really igneous 
is shown by their structural relations, and by the fact that 
occasionally they are traced to and found to be offshoots from 
the larger masses of greenstone. These soapstones, as indi- 
eated by their name, have a greasy feel, are very soft, have 
frequently a mottled gray and white color, although often they 
are deeply stained with red oxide of iron. In chemical and 
mineral composition these soapstones differ greatly from the 
original diabases. They have lost nearly all of their alkalies 
and very often are now largely a hydrated silicate of mag- 
nesium and aluminium. 

The formation overlying the ore-deposits belongs to the 
Upper Marquette series and is, as has been said, a quartzite- 
conglomerate, the material of which is very largely derived 
from the immediately subjacent formation. “The heavily con- 
glomeratic part in some cases is but a few feet in thickness, in 
others is hundreds of feet thick. The detritus of the quartzite- 
conglomerate is nearly like the material of the underlying 
formation, except that within the former no large fragments of 
pure ore have been observed. This conglomerate suggests 
that the ore-formation was in approximately its present condi- 
tion before the deposition of the Upper Marquette series. 

General structure of district.—Before dealing with the ore- 
deposits it is necessary to speak of the general structure of the 
Marquette district. This can best be appreciated by examin- 
ing Brooks’ geological map.* The Republic tongue is a sim- 
ple synelinal, the sides of which are nearly vertical, showing 
that the formation has been sharply folded upon itself. The 
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southwest end of this trough, where the Republic mine is 
located, has a pitch to the northwest of 40° or 50°. At the 
west end of the Marquette district proper the mines, such as 
the Michigamme, Spurr, Champion, ete., are upon the sides of 
a great synclinal, which, however, is probably a synclinorium. 
In the great mining center of T. 47 N., R. 27 W.. already 
referred to, where are the towns of Ishpeming and Negaunee, 
the formation has been folded into a series of rolls, which have 
variable pitches, as a consequence of which there are here 
several iron ranges approximately parallel. The mines, as in 
the more simply folded part of the district, are frequently at 
the sides of the synelinals, which, as already said, are gene- 
rally flanked by diorite ridges. Whether the upwelling of the 
eruptives was the cause of the folding, or whether as the fold- 
ing occurred fracture took place in the brittle ore-formation of 
which the intruding rock took advantage, it is yet too early to 
discuss. 

Classification of Low. i Marque tte ore deposits.- -The known 
ore-bodies, with reference to their position, may be divided 
into the following classes : (1) deposits at the contact of the 
quartzite-conglomerate and the ore-bearing formation: (2) 
deposits resting upon soaprock which grades into massive 
diorite ; (8) deposits resting upon dikes of soap-rock which 
follow along or cut across the ore-bearing formation : (4) de- 
posits interbedded in the jasper or chert. (See fig. 1, p. 123, 
generalized section of ore-formation in which ore in its more 
important relations is represented by cross-hatching.) 

(7.) Deposits at the contact or the quartzite-conglomerate 
and the ore-bearing formation —The ores occupying this posi 
tion are generally hard and either specular or magnetic. It is 
to be remembered that the adjacent rock of the underlying 
ore-bearing formation is usually banded ore and jasper, although 
occasionally it is magnetite-actinolite schist. Because of the 
constant association of the hard ores with the red form of 
silica this material is sometimes called “specular jasper.” One 
of the largest known deposits of the first class is that at Re- 
public, and this locality, because of its magnificent exposures, 
is particuiarly favorable for study. While the main bodies of 
ore occur at the contact horizon, the mine maps show a con- 
stant tendency to form offshoots, a part of the ore following 
the banding of the jasper formation, which dips at a steeper 
inclination than the contact plane. (Fig. 2, p. 128). A body 
may continue in considerable force for some depth, but when it 
gets far from the contact plane, it is apt to die out. Atand below 
the place where the branch strikes off the main deposit may 
become somewhat narrower, but in passing downward it often 
gains its full magnitude, and then a second shoot may start 
back from the contact plane into the underlying jasper. 
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Of course the entire contact horizon of the quartzite and 
ore formation is not occupied by ore-bodies as represented in 
the generalized figure. ‘The deposits occur at places along the 
contact where sharp subordinate folding has occurred, or 
where the jasper formation is broken by cross joints, or where 
a soapstone dike cuts the contact plane forming a trough ; or, 
finally, by a combination of two or more of these phenomena. 
The last is well illustrated by the position of the great deposit 
of the Republic, which is at the southeast corner of the horse- 
shoe, where the curve, instead of being gentle, is abrupt, caus- 
ing the jasper formation to become sharply plicated and often 
fractured (fig. 3), and where there are numerous dikes of 
soap-rock which usually form one of the boundaries of the 
ore-deposits. The mining engineer remarked that the ore- 
deposits cannot live long when they become separated from the 
soapstone. Upon the east side of the Republic horse-shoe the 
ore-bodies are in chimney-like forms which often continue for 
a considerable depth and which are often usually rather sharply 
separated from the banded ore and jasper adjacent. (Fig. 4). 
However, here, as at the great deposits, the boundaries are 
genel rally found at fractures or flexures. 

A detailed examination was made of the manner in which 
the change occurs between the jasper and the ore. While, as 
remarked, the ore often terminates somewhat abruptly, it also 
frequently grades into the jasper. In following a jasper band 
toward the ore it was found that instead of remaining solid it 
Becomes porous and frequently contains considerable cavities. 
These spaces in the transition zone are lined with crystalline ore. 
In passing on toward the ore-deposit more and more of the silica 
is found to have been removed and the ore has replaced it to a 
corresponding degree. An examination at many localities led 
to the conclusion that the transition from the banded ore and 
jasper to the ore takes place as a consequence of the removal 
of silica and the substitution of iron oxide. Often in these 
eases the fine-grained part of the ore is that of the original 
rock, while the coarser material is the secondary infiltration. 

The above details as to the occurrence of the hard ore at 
Republic are typical of this class in the remainder of the dis- 
trict. In the Ishpeming-Negaunee area, for instance, the ore 
often terminates along a slip or joint crack. Also the ore- 
bodies are likely to be found where the folding or crushing of 
the jasper has been severe, and especially where these phe- 
nomena are accompanied by soap-rock. 

The ore-bodies between the ore formation and overlying 
quartzite are not always wholly in the jasper, but often extend 
upward to a greater or less degree into the quartzite-conglom- 
erate, and some deposits wholly occupy the horizon of the 


Van Hise — Tron Ores of Mich igan. 


recomposed rocks. It is reasonable to suppose that a thin 
stratum of the conglomerate overlying the richer part of the 
iron-bearing formation may have been nearly, if not quite as 
heavy in its iron content as the formation from which it was 
derived. In these cases a part of the iron of the ore-deposit 
at least is a direct mechanical detritus and differs therefore in 
its genesis from the remainder of the ores; but all have alike 
been affected by a secondary concentration, for the process of 
replacement has affected the siliceous detritus in the same way 
that it has the laminated jasper in the original formation. 
When the ore-bodies partly occupy the place of the quartzite- 
conglomerate and partly that of the ore-formation proper, as a 
consequence of the secondary concentration, these two forma- 
tions, although of widely different geological age, have been 
welded together. This is well shown at the Kloman mine 

(2.) Deposits re sting upon SOap rock which grad s into 
MASSIVE diorite. Here are to be placed many of the deposits 
of soft ore and some of the hard ores. The masses of soap- 
roek may follow somewhat closely the lamination of the ore- 
formation or they may cut across it. In either case the deposit 
follows along the contact plane, the impervious soap-rock 
always being below the iron ore and above it the fractured and 
porous jasper or chert (see fig. 1, p. 123). Not iyfrequently a 
mass of soap-rock or diorite forms a synclinal trough in which 
the ore body rests, when the maximum thickness of the ore is 
likely to be at the lower part of the synelinal (fig. 5). Sometimes 
asmall dike of soap-rock or paint-rock shoots off from the large 
body and cuts into the ore (fig. 6). At other times the soap- 
rock bulges into the ore as though it had been bent into sharp 
corrugations. That the soapstone upon which the ores rest, 
actually grades into diorite is shown by many drill holes at the 
Lake Superior mine and very clearly at the Salisbury mine, as 
well as at other localities. 

In some eases the first and second classes of deposits ap- 
proach close to each other and might be mistaken for one con- 
tinuous deposit of the same character, the two occupying 
opposite sides of a syneclinal. This is shown by fig. 7, which 
shows upon one side of the synclinal the following section : 
diorite grading upward into soapstone, ore, jasper, quartzite- 
conglomerate. Upon the other side of the synclinal the see- 
tion is: jasper, ore and quartzite-conglomerate. 

(2.) Deposits Pe sting upon dikes of soap rock which follow 


along or cut deross the Ore bi aring tormation.— The ores here 
belonging, like those of the second class, are usually soft. 

They may occur upon one side only of a dike rock, or, when 
it is vertical or nearly so, upon both sides. When two dikes 
are not far distant from each other the whole or part of the 
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Fig. 1. Generalized section, showing relation of ore-deposits of Lower Marquette 
series to associated formations. 

Fig. 2. Diagram showing tendency of an ore-deposit at contact of Lower and 
Upper Marquette series, to send offshoots into the jasper parallel to its lamination. 

Fig. 3, Sharply plicated jasper (black belts) and ore (white areas), showing shat- 
tering of the jasper and concentration of the ore. The ore is proportionally greater 
where the folding has been the sharpest. Drawn from photograph. 

Fic. 4. Horizontal section of ore-deposit on east side of Republic horse-shoe. 
Left side of ore bounded by a cross-joint; right side is bounded in part by a sharp 
tiexure passing into a joint and in part grades into the lean banded jasper and ore. 
_» Fig. 5. Vertical section of an ore-body, bounded below by soapstone grading 
into diorite, and above by ferruginous chert; change from ore to chert not so 
sharp as drawn. 

Fig. 6. Another section of the same deposit shown in Fig. 5, but here is seen an 
offshoot of soapstone from the main mass. 

Fic.7. The ore upon left side rests upon soapstone grading into diorite and is 
not at the contact plane of the Upper and Lower Marquette; ore at right side is 
at this contact plane and rests upon jasper. The two combined have a synclinal 
appearance. 

_ Fig. 8. At the left the ore rests upon the soapstone grading into diorite; at the 
right it is upon one side of a dike-rock. The dike is an offshoot of the diorite. At 
the contact of the two a trough is formed in which the ore-body becomes of large 
size. Figs. 5, 6,8 from mine plats furnished by Mr. Thompson. 
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space between may be oceupied by ore. When a dike is alone 
and has a flat dip the ore is always on the upper side, that is in 
such cases the dike rock is always the fuot-wall of the deposit. 
(See fig. 1.) 

A dike earrying ore may unite with a large mass of soap- 
stone varying to diorite, which also carries ore, when a trough 
will be formed and the deposit is here apt to become large. In 
this case we have a union of the second and third classes of 
deposits. At the locality shown in fig. 8 the soap-rock grades 
into diorite and dips south about 45°, constituting the main 
foot-wall. Standing vertical and striking 20° or 30° away 
from the foot-wall is a dike of paint-rock or soap-rock cutting 
across the formation. Resting upon both are ore-deposits, and 
by their union at the apex of a trough formed by the junction 
of the two the ore-body is of large size. 

(4.) Deposits interbedded in the jasper or chert.—No de- 
posits of this class of large size are known, for unless below is 
a soap-rock (when it would fall into a previous class) no imper- 
vious stratum is present upon which the ore can collect, unless 
(and this does not often occur) a layer of the ore-bearing 
formation itself locally loses porosity. 

The ore-deposits secondary concentrations.—The ore-bodies 
of the second, third and fourth classes, that is all that lie 
wholly within the ore-bearing formation, are usually soft, and 
they may occur at almost any horizon within the iron-bearing 
formation. Being for the most part at some distance from the 
contact between the quartzite-conglomerate and ore-formation 
they are commonly within the ferruginous chert rather than 
in the banded ore and jasper. 

The foregoing descriptions show how intimate is the connec- 
tion between the ore-bodies and the paint or soap rocks. Mr. 
Thompson says this connection has become so evident to the 
miners, and they have such confidence that this material is a 
favorable indication, that it is called by them “ the mother of 
the ore.” 

The ore-deposits in longitudinal sections are not horizontal, 
but generally have a pitch, which in the Ishpeming-Negaunee 
area is usually to the west and often amounts to as much as 20° 
or 30°. Consequently the ore-bodies represented in horizontal 
cross-section are found at different depths in following them 
longitudinally. This principle of pitch is equally applicable 
whether the underlying formation is jasper or soap-rock, 
whether the ore is in sheets, lenses or troughs. 

While the ore-deposits of the Lower Marquette series have 
a greater variety of form and relations than do those of the 
Penokee district, it is evident that the conditions governing 
their formation are much the same. In both districts the 
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material immediately underlying the ore is relatively im- 
pervious to water. In the cases of these deposits which rest 
upon soap-rock this lack of porosity is nearly complete. Many 
of the ore-bodies are in troughs in the Lower Marquette series, 
as are nearly all in the Penokee district. The ore-bodies in 
both in longitudinal section have a pitch. In both the many 
phases of material found in the ore-bearing formation are 
nearly the same, and in both is found plentiful residual iron 
carbonate. It is therefore thought that the explanation of the 
origin of the ores in the Penokee district is applicable, with 
few modifications, to those of the Marquette district, although 
the larger number of the deposits of the latter belong to an 
older series. 

The forms, attitudes and relations of the ore-deposits render 
it evident that they are not eruptives. No eruptive would be 
found in such strange shapes and relations. It is equally cer- 
tain that these irregular masses of ore are not produced 
directly by sedimentation. All the facts bear toward the 
conclusion that the ore is a secondary concentration produced 
by the action of downward apvpenny water. When the 
facts are examined in detail, it is seen that the ore-deposits 
occur at places where cireulating waters are sure to be concen- 
trated. The soap-rock accommodates itself to folding without 
fracture, and while probably allowing more or less water to 
pass through, acts as a practically impervious stratum along 
which water is deflected when it once comes in contact with it. 
It is a common opinion among miners that a few inches of 
soap-rock is more effective in keeping out water than many 
feet of the iron-bearing formation. On the other hand, the 
brittle siliceous ore-bearing formation has been fractured by 
the folding to which it has been subjected so that where these 
processes have been extreme water passes through it like a 
sieve. That the tilted bodies of diorite or soap-rock, espe- 
cially when in a pitching synelinal or forming a pitching 
trough by the union of a dike and a mass of diorite, must 
have guided is self-evident. The 
pitch common to other deposits is also evidence in these 
eases of laterally deflected downward-moving waters and indi- 
cates a wholly or partly impervious substratum even when its 
character has not yet been ascertained. It is also plain that 
the contact plane between the quartzite-conglomerate and the 
ore-bearing formation, that is, the plane of unconformity be- 
tween the Upper and Lower Marquette series, must have been 
a great horizon for downward-tlowing waters. 

[f it is true that the whole of the iron-bearing formation 
was originally a lean cherty carbonate of iron, with perhaps 
some calcium, and magnesium, or if we go no farther back 
than the ferruginous cherts and jaspers, it is then concluded 
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that in order to produce the ore, two things must have occurred: 
first, the concentration of iron oxide in the places where ar 
found the ore-bodies; and second, the removal of silica from 
these places. 

Time at which concentration occurred.—The final coneen- 
tration of the Lower Marquette ores occurring at the contact 
of the Upper and Lower Marquette series must have taken 
place later than Upper Marquette time. This is indicated by 
the fact that while these ores are so frequently found at the 
contact plane the fragments of the overlying conglomerate are 
almost wholly of the lean chert or jasper, or magnetite-actino- 
lite schist, and inelude few of the rich hard ore. which if 
present onght to have yielded fragments. This not only shows 
that the final concentration had not oceurred, but that the 
cherty carbonate (if the assumption be correct that the ore- 
formation was originally of this material) at the surface had 
been decomposed before Upper Marquette time. These con- 
glomerates therefore give us an indication of the early char- 
acter of a part of the ore-bearing formation from which the 
ore-bodies were later derived. The position of these ore 
bodies at the contact plane of the Upper and Lower Mar- 
quette series is also evidence that they have been here con- 
centrated subsequent to Upper Marquette time; for it is 
exceedingly improbable that erosion so generally stopped at a 
horizon rich in ore, a material which is softer than jasper and 
would therefore be more rapidly cut out. Further, this con- 
tact is not at a certain plane of the ore-bearing formation, but 
here is at a higher horizon and there at a lower one. Bearing 
in the same direction, although perhaps not strongly, is the 
occasional welding of the quartzite-conglomerate and ore-bear- 
ing formation already mentioned. 

The relations of the ore-bodies within the ore-formation to 
the diorites and dike-rocks give evidence that the concentra- 
tion of this ore has occurred subsequently to the intrusion of 
these rocks. It is certain that some of these eruptives are 
intrusives later than the Upper Marquette series, since they 
eut across the overlying quartzite. Others of them appear to 
have yielded fragments to the Upper Marquette series and 
therefore antedate these rocks. Finally if the ore bodies had 
become goncentrated before the Upper Marquette folding and 
erosion, their invariable positions above the impervious forma- 
tions would be inexplicable. The folding would perhaps have 
as often left them below as above these formations. Taking 
all the facts together, it is highly probable that the concentra- 
tion of all the ores occurred during and later than the folding 
and erosion subsequent to Upper Marquette time. 

Manner of ore-concentration.—Surtace waters bearing oxy- 
gen passing downward through the Upper Marquette series or 
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the iron-bearing formation of the Lower Marquette series 
would decompose tlie iron carbonates with which they came in 
contact and thus become carbonated. These carbonated waters 
would then be capable of taking other iron carbonate into solu- 
tion. What proportion of the original iron carbonate still re- 
mained in the ore-bearing form: ition at the beginning of concen- 
tration is uncertain, but since it is still found in places sheltered 
from percolating waters, such as the deeper workings of one of 
the mines and under diorite masses, it is probable that the quan- 
tity was very considerable. The oxides or carbonates of iron 
may also have been taken into solution by organic acids. These 
downward-moving waters would pass through the iron-bearing 
formation until they came in contact with an impervious 
substance or else, if passing through the Upper M: arquette 
series, they reached the contact plane between the two series 
along which they would travel. It is possible that the ore 
which formed along the contact horizon was contributed in 
part by the ferruginous materials of the Upper Marquette 
series, although it is probable that the greater part of the ore 
here found came from material of the ore-bearing formation 
now removed by erosion. After the ore-bearing formation had 
been leached for a long time, it became as it is now found, 
very porous along the soap-rock and along the contact plane of 
the Upper and Lower Marquette series. Here would be 
carried other oxygen-bearing waters more directly from the 
surface. The union of these two currents would precipitate 
the iron oxide. The abundant waters traversing these ore- 
bearing localities would also slowly dissolve the silica. That 
this interchange actually does occur is known of the localities 
in which a detailed examination has been made, as for instance 
at Republic. It is probable that in the ore-deposits associated 
with the soap-rocks the removal of silica is due in part to 
them. Originally diabases, they must have contained alkalies, 
while analyses of them show at present an almost entire ab- 
sence of these elements. The alkaline waters produced by 
their alteration would thus furnish a menstruum capable of 
taking the silica into solution. This desilicification of the iron- 
bearing formation by alkaline waters was many years ago sug- 
gested by Brooks,* for a part of the Marquette’ district. Ro- 
minger+ not only made the same suggestion in reference to the 
Jackson mine, but further held that the siliceous matter re- 
moved, was replaced by oxide of iron carried by water solutions. 
The percolating waters which carried material along the 
readiest paths to form the ore-bodies, and which removed the 
silica also helped to jasperize the ore bearing formation, i. e. 
it charged the white silica with oxide of iron and thus red- 
dened it, although it cannot yet be certainly stated to what 
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degree this process had already gone before Upper Marquette 
time. Whatever the time at which the work was done. the 
process seems to have been as follows: The upper part of the 
ore formation was traversed by solutions more extensively than 
the deeper lying portions. Tt natur: ally follows that the fer- 
ruginous material was in part de posite <1 about and through the 
minute particles of silica, reddening them and changing the 
material from white chert to red jasper. In some places this 
jasperization has extended deeper than in others and, as already 
said, it sometimes abruptly at an ipervious mass of 
soap-rock. Prof. Pumpelly suggests that before the secondary 
concentration which formed the ore-bodies, the bands of silica 
of the ore-formation were white and perhaps in a partly 
amorphous condition; that at the time of this concentration a 
partial reerystallization of the silica occurred, affording an 
opportunity for the ferruginous impregnation so characteristic 
of the jaspers. A microscopical examination shows that while 
most of the silica of the entire formation is now individualized. 
much of the iron oxide of the jaspers is concentrated about 
the particles of quartz, and that numerous minute flecks also 
occur within their interiors, thus giving support to Prof. 
Pumpelly’s suggestion. 

One or two questions remain to be considered : First, why 
the ore is so frequen itly hard and specular along the contact 
horizon or in the jasper and is usually soft within the ferrugi- 
nous chert. Second, why the magnetites when present occur 
at the contact horizon. 

An examination of the j isper assoc iated with the hard ores 
shows that erys es d hematite x magnetite often occur in 

cavities formed | yy the removal of the silica. In such geodal 
cavities these materials have been de posited in a granular erys- 
talline condition. In the continuation of the process the 
silica was wholly removed and its place taken by the erystal- 
line hematite and magnetite. The adjacent jasper also shows 
that numerous cracks and fissures have been tilled with hema- 
tite or magnetite. The manner in which these veins of coarser 
crystallized material frequently cut across the finer grained 
substance which represent the iron oxides present before the 
concentration, shows conclusively that they are secondary in 
filtrations. The formation of the coarsely crystalline hematite 
and magnetite thus appears to be connected with the abund- 
ance of iron-bearing solutions along the contact plane. 

Oftentimes also the hard ores are of the brilliant micaceous 
or specular variety. In a hand specimen composed of rapidly 
alternating layers of ore aa silica, where the folding has been 
severe, micaceous ore is often found between the rigid bands of 
quartz. Along these ferruginous zones is seen all the evidence 
of slickensides, and the micaceous character of the ore is seen 
to be due to the shearing to which it has been subjected. 
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Now the micaceous ore from the large deposits, as first sug- 
gested by Prof. Pumpelly, gives the same evidence of shearing. 
When it is remembered that in the folding of thick forma- 
tions accommodations and re-adjustments must oceur, it is nat- 
ural to suppose that this re- -adjus tment has more largely taken 
place at the contact between the U pper and Lower Marquette 
series than at any other one horizon, for this is emphatically 
the plane of weakness. Thus would be explained the finely 
laminated micaceous variety of ore. It is not impossible that 
the heat and pressure caused by the shearing along the contact 
plane would be sufficient to change soft ore into micaceous 
hematite, but to the writer it appears more probable that these 
ores represent sheared specular hematite and magnetite. Since 
the final concentrations of the ores occurred during and subse- 
quent to the folding of the series, it is necessary to believe 
that this shearing was a contemporaneous process, or else that 
after it oceurred residual silica was replaced by iron oxide and 
that this metasomatie change did not affect the prior lamina- 
tion of the original ore. Doubtless both explanations are 
applicable in varying degrees at different places. 

That it is easy to reduce hematite to magnetite is well 
known, and it is probable that the production of the granular 
infiltrated variety of this ore is due to the reducing character 
of some of the solutions which have passed down along the 
great contact plane of percolation where the magnetites are 
extensively found. This reducing power could readily be 
imparted by organic acids. That some kind of reducing agent 
has been present is indicated by the veins of pyrite which are 
frequently associated with the magnetic ores. 

[t is supposed that the magnetite of the magnetite-actinolite 
schists is due to the direct oxidation of an original carbonate of 
iron. This is known to be true of the Penokee and Animikie 
magnetites and also of the magnetite of the Lower Marquette 
series in the deeper workings of one of the mines. When iron 
carbonate is decomposed in the presence of an excess of oxy- 
gen the sesquioxide is of course formed; but if it is supposed 
that an insufficient amount of oxygen was present, as is quite 
probable, from three molecules of iron carbonate would be 
produced one molecule of magnetite and three of carbon diox- 
ide, if only a single atom of oxygen was available. 

Ores of the Upper Marquette series.—The ore-deposits of 
the Upper Marquette series, so far as studied, show that the 
original material was an iron carbonate and that the ores are 
secondary concentrates resting upon impervious formations. 
Sometimes this impervious formation is a black slate; at other 
times it is an intrusive basie eruptive; and at still others it is 
a surface voleanic. As a consequence of folding, or by the 
junction of two of these basal formations, and of concentra- 
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tions, the ores occupy troughs or the sides of synclinals. That 
the ore is a concentrate from an original impure iron-bearing 
carbonate is easily shown. Wholly unaltered carbonate, often 
accompanied by organic matter, is abundant, and all stages of 
the change into the soft hematites and limonites of the Upper 
Marquette series are seen. 

Ores of othe r dist icts.— In the Menominee district the ores, 
as in the Marquette district, occur in two formations, one of 
which belongs to the Lower Menominee, correlated with the 
Lower Marquette series, while the other belongs to the Upper 
Menominee, correlated with the Upper Marquette series. The 
Upper Menominee is more important as an ore-producer than 
the Upper Marquette. A detailed study has been made of 
only a small number of the mines, but a general study has 
covered nearly the entire district. So far as work has gone, 
while there will be some modifications of detail, the principles 
have been found thus far to hold that the ores are secondary 
concentrations upon impervious formations, and are particu- 
larly likely to be of large size when these are folded or two 
combine to form pitching troughs. Also, as in the Marquette 
district, the basement impervious formations are often igneous 
and not infrequentiy are surface voleanics. At other times, 
and especially in the Upper Menominee series, the impervious 
stratum is a detrital slate. As typical instances of the Menom- 
inee mines may be mentioned the following: At the Armenia 
the ore-body is at the bottom and upon the sides of a synelinal 
trough, pitching at an angle of about 45°. Below the ore is 
an impervious black slate. At the Mansfield mine the ore- 
body nearly vertical laterally but pitching longitudinally, has 
impervious slates upon each side, one of which is clearly a 
voleanic rock. The ore of the Hemlock mine rests upon an 
impervious stratum consisting of surface volcanic material. 

The ores of the Vermilion Lake district have been studied 
by us only in a general way, but so far as our investigation has 
gone all the facts bear toward the conclusion that the princi- 
ples here hold which are applicable to the other iron-bearing 
districts of the Lake Superior region. It is true that Prof. 
N. H. Winchell and H. V. Winchell* have proposed a chemical 
theory for the origin of the rocks of the iron- bearing formation 
which does not derive it from a lean iron-bearing carbonate ; 
but even if this theory be accepted (and I do not hold it), it is 
applicable to the ore-bearing formation rather than to the ore- 
deposits. The descriptions and figures of the mines published 
by the late Prof. Alex. Winchell and by Prof. N. H. Winchell, 
seem to me to be wholly in harmony with our own observa- 
tions, and to indicate that the Vermilion Lake ores are sec- 

* The Iron Ores of Minnesota, N. H. and H. V. Winchell: Bulletin No. 6, Geol. 
and Nat. tlist. Survey of Minn, Appendix A, pp. 391-399 
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ondary concentrates which usually rest upon impervious for- 
mations.* 

As instances among the mines figured by these authors may 
be mentioned the following: The ore of the Ely mine is found 
between impervious schists, the layers of which are inclined. 
At the Stone mine the ore in its upper workings is in two 
bodies, each of which rests upon green schists. In its deeper 
workings these are found to come together and make a solid 
mass of ore. The ore grades above into the jasper, which is 
like a great horse separating the upper parts of the deposit. 
In short, the relations so far as principles are concerned, are 
much the same as shown in figure 8, taken from a deposit in 
the Marquette district. At the Chandler mine the ore has its 
greatest length along and rests upon as a foot-wall, a great mass 
of greenstone. The upper boundary of the ore is irregular and 
grades into mixed ore and jasper. It is said of the Ely that 
the “ore is quite open to the action of percolating water,” and 
that the material shows the effects of crushing and folding. 
The schists associated with the ores in the Vermilion district 
are regarded by the Professors Winchell as well as by us as of 
igneous origin.t 

The facts given by these writers then seem to show that the 
ore is a secondary concentration, instead of that the “ore and 
jasper” are “of similar and contemporaneous origin.” Indeed 
in the report upon the Vermilion ores, published soon after 
returning from the field, Prof. N. H. Winchell held, although 
this position was later abandoned, that the iron ores are later 
than the siliceous jasper and probably produced by metasom- 
atie change. 

It is fully recognized that the explanation above given for 
the ores of the Lake Superior districts in which mining is now 
being done, is not wholly if at all applicable to the titaniferous 
magnetites of northeastern Minnesota associated with the great 
gabbro flows near the base of the Keweenaw series. In the 
interstices of these magnetic ores are olivine, augite, feldspar, 
and often secondary quartz, the whole having a completely 
crystalline interlocking structure; in other words, they are no 
more than a very magnetic gabbro. Since these ores occur as 
basal horizons of the great gabbro flows, it has always seemed 
to me that this class of deposit is of direct igneous origin. In 
the crystallization of basic rocks, magnetite is one of the early 
minerals to separate, and in the immense masses of gabbro, 
before the magma has solidified the crystals of magnetite have 
slowly settled by virtue of their superior specitic gravity to the 

* Fifteenth Ann. Rept. Geol. and Nat. Hist. Survey of Minn. for the year 1886, 
pp. 24, 25, 221, 235, 255. Bulletin No. 6, Geol. and Nat. Hist. Survey of Minn., 
pp. 63-67. 

+ Fifteenth Ann. Rep. Minn., pp. 231, 245, 246; Minn. Survey Bull. vi, pp. 64. 
394, 398, 399. 
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base of the flow, forming thick layers of magnetite. The 
residual magma has erystallized as the interstitial minerals, 
and thus we have the titaniferous magnetites of the gabbros. 
A recent petrographiecal study by Dr. W. S. Bayley has shown 
that a part of the magnetite is secondary. As these ores are 
associated with abundant secondary quartz it is not impossible 
that much of the magnetite has been brought to its present 
position after the solidification of the rock. 

General.—lIt is ev ident that the ores of the Upper Marquette 
series, like those of the Lower, were concentrated during and 
subsequent to the folding and erosion which affected both. 
Thus while the ore bearing formation of the Lower Marquette 
series is far older than that of the Upper Marquette, and had 
undergone great changes before the latter was deposited, the 
local concentration of the iron into workable deposits occurred 
simultaneously as a consequence ot the same great Causes, 
This statement also applies, so far as present knowledge goes, 
to the two iron-bearing series of the Menominee district. The 
Penokee series is equivalent to the Upper Marquette and 
Upper Menominee. The equivalency of the Animikie and 
the Penokee series and their simultaneous tilting into mono- 
elines on opposite sides of the Lake Superior synclinal has been 
shown in another place.* It is also shown that this tilting, and 
consequently the concentration of the ores, occurred subse- 
quently to Keweenawan time. It was suggested that the basic 
intrusives of the Penokee series upon which the ore-deposits 
rest are of Keweenawan age. Is it not probable that many of 
the basic intrusives of like character in the Marquette and 
Menominee districts are products of the same period ? 

It appears then probable that the local concentration of the 
iron ores into workable bodies did not generally begin before 
Upper Huronian time, while in certain districts it did not 
begin until much later. That the process has yet ended we 
have no evidence. The ores of the Lake Superior region OC- 


curring in two geological series are remarkably alike. This 
likeness is plainly due to their similar genesis. 

This paper must be considered as an account of the progress 
of an investigation rather than a complete exposition. While 
it is possible that a further study will make necessary a modi- 
fication of certain minor points, it is believed that the principle 
of secondary concentration along great channels of downward 
percolating waters, and particularly at places where these 
waters are converged by tilted impervious formations is nearly if 
not quite of universal applicability to the workable ore-deposits 
of the Lake Superior region. 

United States Geological Survey 
Lake Superior Division, Madison, Wis., December, 189! 


*Tenth Ann. Rept. U. S. Geol. Survey for 1888-89, pp. 402-408, 458-460. 
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Art. XVI.—An Illustration of the Flewxibility of Lime- 
stone; by ARTHUR WINSLOW. 


THE adjoining cut illustrates an interesting ease of the flex- 
ing of a limestone slab under moderate stress, applied for a 
long time. The slab is of white, erystalline limestone or 
inferior marble and is one of a number in the State lot of the 
cemetery of Jefferson City, Missouri. Others are seen there 


Sketch showing deflection of a limestone slab, due to its weight. Scale 1 inch 
= 2 feet. Stone erected to memory of Tyrrel P. Bruton, Cemetery, Jefferson 


City, Mo. 
Notes.—The dimensions of the slab are 6 ft. x 3 ft. x 2in. It was put in 

place in the year 1866. The measurements were made August, 1890. The de- 

flections are expressed in inches. 

in the same conditions, though the flexing in these has not pro- 

ceeded so far. It is probable that, in the one illustrated, the 

extreme condition, without fracture, has already been reached, 
Am, Jour. So1.—Tuirp Series, Vou. XLIII, No. 254.—Feprvuary, 1892. 
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if it is not passed, as hair-like lines of incipient fracture are 
already observable on the lower side of the slab, near its center, 
running transversely to the length. The slab in question has 
been in place about 25 years, and the supporting corner posts 
have settled in such a way that the bearing of the slab upon 
them is generally only along one edge or along a part of one 
edge. The carefully made drawing from which the cut is 
prepared shows all details so well that further description will 
be unnecessary. 

The measurements for this drawing were made by the writer 
assisted by Mr. A. E. Woodward,* late assistant geologist of 
the Missouri Geological Survey, and the drawing was prepared 
by the latter. The “deflections were determined by stretching a 
fine wire tightly across the block from edge to edge, and then 
measuring the space between the wire and the slab at any 
desired point with the aid of a pair of dividers. The length 
of the slab, it will be noticed, is 6 ft., the breadth 3 ft., and 
the thickness 2 inches. The distance lengthwise, between 
supports, is about 4 ft., and crosswise between 1 and 2 ft. The 
sag at the center of the slab, along the lines A- B and C-D, is 
nearly 14 inches, beneath the two ends, or about ,, of the total 
length, or about », of the distance between the supports. 
Assuming the curve to be the are of a circle, the radius of the 
circle would be about 37 ft.; or, in other words, a long slab of 
such marble 2 inches thick, could, under continued stress for a 
period of twenty-five years, be bent to the form of a circle less 
than 80 ft. in diameter. 

A more detailed study of the measurements yields other 
facts of interest. Thus an extreme sensitiveness to stress is 
indicated by the transverse flexing between points of support 
close together ; this is shown by the sections along the lines 
A-C and B-D. Further, it will be noticed that, along the 
sections A-B and C-—D, the measurements indicate convex 
undulation between the center of the slab and the points B and 
D, due to a recurving downwards of the end of the slab, 
which projects beyond the point of support. At the other 
end, however, the support is nearer the end of the slab, and 
here the curvature is continuously concave. 


* Died September, 1891. 
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Art. XVIJ.—The Separation of Iron, Manganese and Cal- 
cium by the Acetate and Bromine Methods; by R. B. 
Rigas. 


HAVING in hand the analysis of a series of samples contain- 
ing iron, manganese and calcium in large amounts, it seemed 
advisable to test the two analytical methods involved, namely, 
the separation of iron from manganese by precipitating it as a 
basic acetate, and the separation of manganese from calcium by 
means of bromine. The object was not so much to test the 
accuracy of the acetate process as to determine the conditions 
favorable or otherwise to its successful use. In the case of the 
manganese-calcium separation on the contrary, the value of the 
method was in question, for where either or both constituents 
are present in quantities its accuracy has been doubted. 

For convenience and accuracy standardized solutions of the 
three substances were used. Piano wire was the basis of the 
ferric chloride solution. This was dissolved in hydrochloric 
and oxidized by means of nitric acid. The nitric acid was in 
turn expelled by repeated evaporations with hydrochloric acid. 
Last traces of ferrous iron were oxidized by bromine. The 
value of this solution was found by means of a standard* per- 
mangate solution. 

Weight of FeCl; Weight of Fe Weight of Fe in 

solution taken. found, 100 grams of solution. 

grm. grm. Mean. 


0°14957 0°7378 
0°15017 0°7385 0°7382 
0°14957 0°7383 


For the manganese chloride solution, manganese dioxide was 
the starting point. This was digested with nitric acid, dis- 
solved in hydrochloric and nitric acid—twice evaporated to 
dryness and filtered—treated three times by the basic acetate 
process (each time allowing a considerable precipitation of 
manganese), and recovered from solution each time by a brom- 
ine precipitation. The last precipitate was dissolved in hydro- 
chloric acid and the excess of acid expelled by evaporation. 
This solution was standardized by determining the manganese 
as pyrophosphate. 

Weight of MnCl, Weight of Mn2P.0, Weight of MnO in 


solution taken found. 100 grams of solution. 
grm. grm. grm. Mean. 


(4.) 9°98 0°1346 0°6743 
(5.) 10°095 0°1860 06735 0°6739 


* The permanganate solution was standardized with the same wire so that the 
results are relatively correct. 


(1.) 20°32 
(2.) 20°335 
(3.) 20°30 
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The solution of calcium chloride was prepared from calcium 
carbonate purified by repeated precipitations, as carbonate, by 
means of ammonium earbonate. It was free from iron, 
alumina and alkalies. 

Weight of CaCl, Teight of C Weight of CaO in 

solution taken found grams of solution. 
grm. grm grm. Mean. 


20°C94 0°1183 0°5638 ) 
20°18 0°1136 0°5632 0°5633 
20°19 0°1135 0°5630 ) 


My experiments began with analyses of solutions containing 
known quantities of the three substances. From this they 
grew and though the order may be the reverse of a logical one 
it had best be followed in giving the results. 

In the first and second series the quantities of iron and cal- 
cium were constant, the manganese was variable. In a third 
series, containing only manganese and calcium, the proportions 
of each were varied. 

The general mode of operating was the following: 

The solutions, containing, in the first and second series, the 
equivalents of about 02 grams of iron and 0°17 grams of cal- 
cium oxide and quantities of manganese oxide varying from 
0°03 to 0:2 grams, were diluted to 350-400°° To secure 
the usual conditions of analysis, and because ammonium salts 
tend to hold manganese in solution, 10°* of hydrochloric 
acid were added. The cold solution was neutralized with 
ammonia containing ammonium carbonate. The precipitate 
that might be formed was dissolved with as little as possible 
hydrochloric acid and 5° grams of ammonium acetate* added. 

For the precipitation of the iron and the conversion of the 
salts of the other elements into acetates, this is an unneces- 
sary excess and because of its possible reducing action on the 
iron, such an excess should in general be avoided. But, pre- 
liminary experiments having been made, it was believed that 
with proper care the reduction of the iron might be avoided. 
To further test this opinion and because of the influence oft 
ammonium acetate in holding manganese salts in solution, this 
excess was added. 

Two acetate precipitations were made. The iron was thrown 
down a third time with ammonia. In but two cases (Nos. 14 
and 17) did the third filtrate contain manganese. In making 
this separation care was taken not to digest the iron precipi- 

*The ammonium acetate was prepared by neutralizing ammonia with acetic 
acid and an amount taken which would be equal to about 5 gr. of the salt 

+ Experiments seemed to show that the influence of ammonium acetate in hold- 
ing manganese salts in solution, though the solution be ammoniacal, is somewhat 
greater than that of the chloride of ammonium. 


(6.) 
(8.) 
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tate too vigorously nor too long and as a result there was in no 
case any appreciable reduction. 

The filtrates from iron, being united, were evaporated to 
400-500°*, 10°* of ammonia, followed by 250-350°* of bro- 
mine water, were added to the hot solution, which was then 
heated on the water bath until the precipitate gathered leaving 
a clear colorless supernatant liquid. If digested over a direet 
flame the separation may be hastened. 

The success of this precipitation depends largely on treating 
the solution hot. If bromine be added to a cold solution the 
oxidation is slow and often less complete. The addition of 
bromine to the solution already made ammoniacal seems pre- 
ferable to a reversal of the order as it insures a more uniform 
oxidation. 

Three bromine separations were made, the manganese pre- 
eipitate being dissolved in hydrochloric and: sulphurous acids. 
In no case did the third filtrate show calcium. The first and 
second filtrates from manganese were united. The volume 
was reduced to 300-400°* and the calcium was thrown down 
as oxalate and weighed as oxide. 

The manganese was weighed as pyrophosphate. The iron 
was determined by the standard solution of permanganate. 

The following are the results. 

Weight of Weightof Weightof Weightof Weight of Weight of 
Fe Fe Cad Cad MnO MnO 


taken. found. taken. found. taken. found. 
grm. grm. grm. grm. grm. grm. 


0°2251 0°1699 0°1690 0°0341 00355 
0°2251 0°1700 0°1687 0°0680 0:0689 
0°2248 0°1700 0°1696 0°1092 0°1094 
0°2251 0°1700 0°1705 0°1500 0'1501 
0°2253 0°1702 0°1697 0°2043 0°2053 


bo 
to bo 


btu 
bo 


S 
oo 


bh bo 


Fe CaO MnO 
grm. grm. grm. 
0°00038 — 0:0009— 0°00 14 + 
0°0005 + 0°0013— 0°0009 + 
0:0004— 0°0004— 0°0002 + 
0°0000 0°0005 + 0-0001 + 
0°:0001 — 0°0005 — 0-00LO+ 


Experience tells us, that in dealing with such precipitates as 
those of iron and manganese, repeated precipitation is neces- 
sary. In analyzing this necessity and determining its limita- 
tions a series of partial separations was made, and the quanti- 
ties of manganese and calcium in each of the several respective 
filtrates was determined. The iron, of which about 0:22 
grams was added in each case, was undetermined. 


( 9.) 
(10.) 
(11.) 
(12.) 
(13.) 
, Error in weight of 
( 9.) 
(10.) 
(11.) 
(12.) 
(13.) 
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Weight of MnO found in 


— A. 


Weight of 
Weight of Fe MnO ist filtrate 
taken. taken. fromFe. 2d filtrate. 8dfiltrate. Total. Error. 
grm. grm. grm grm, grm. grm. grm. 


14.) 0°2248 0°3341 0°0342 0°0005 none 0°0347 0°0005+ 
5.) 02248 0°0678 O0°0681 0°0006 trace 0°0687 0°0006+ 
16.) 0°2250 0°1088 0°1073 0°0013 none 0°1086 0°0002-— 
17.) 0°2252 0°1500 0°1477 0°0024 none 0°1501 0°0001+4 
a 0°2258 0°2042 0°2003 0°0034 trace 0°2037 0°0005— 


Weight of CaO found in 


Ist Fe filtrate. 2d Fe filtrate. 


Weight of CaO Ist Mn 2d Mu 
taken filtrate. filtrate. Total. Error. 
grm. grm erm grm. grm. grm. 
(14.) 0°1700 071650 0°0025 0°0020 0°1695 :0005— 


(15.) 0°1700 01640 0°0044 0°0010 071694  0°0006— 
(16.) 0°1702 01611 0°0074 0:0013 0°1698  0°0004— 
(17.) 0°1700 071640 0°0038 0°0016 071694  0-0006— 
(18.) 0°1701 0°1614 9°0059 0°0023 0°1696 0:0005— 


In separating calcium from manganese in the first filtrate 
from iron three precipitations were made. In no case did the 
third filtrate contain enough calcium to show. 

From the above analyses the necessity of two precipitations 
in separating manganese from iron and calcium from iron and 
manganese is evident. More than that seem superfluous. 

In general the amount of manganese found in the second 
filtrate from iron is proportional to its total quantity. It fre- 
quently happens however that in neutralizing the solution, 
preparatory to the acetate separation, the manganese is pre- 
cipitated and partially oxidized, in which case its resolution is 
impracticable. This oxidation is probably due rather to the 
action of the air than to any after effect of acetic acid. In 
separating manganese and calcium the completeness of a single 
separation seemed to depend, if anything was to be inferred 
from the above analyses, as well on the nature of the manga- 
nese precipitate as on its quantity. 

It will be noticed that the manganese errors, with but one 
exception (16) are positive and the calcium errors, with one 
exception (12), are negative. This is to be anticipated. The 
positive error in the case of manganese comes from the use of 
« non-volatile precipitant. The negative error of calcinm is 
probably owing to the fact that the oxalate is not absolutely 
insoluble. 

The indications being that two precipitations are necessary, 
where the calcium and manganese are either or both present 
in quantities, a series of separations was made varying both 
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constituents. That the conditions of the previous analyses 
might be approximately kept, 5 grams of ammonium chloride 
and 10 grams of ammonium acetate were added in each case. 
Only the calcium of the first manganese filtrate was deter- 
mined. 


Weight of MnO WeightofCaO Weight of CaO 


taken. taken. found in Ist filtrate. Loss. 

grm. grm. erm. grm. 
(19.) 0°2042 0°1702 0°1639 0°0063 
(20.) 0°1020 0°1705 0°1638 0°0077 
(21.) 0°0508 0°1702 0°1662 0°0042 
(22.) 0°0207 0°1702 0°1682 00018 
(23.) 0°2039 0°:0848 0°:0779 0°0069 
(24.) 0°1020 0°0849 0°0831 0°0018 
(25.) 0°0516 0°0855 lost 
(26.) 0°0204 0°0846 0°0833 0°0013 
(27.) 0°2037 0°0423 0:0399 0:0024 
(28.) 0°1023 0°0427 0'0421 0°0006 
(29.) 0°0512 0°0424 0°0415 0°0009 
(30.) 0°0203 0°0428 0°0421 0°0007 
(31.) 0°20387 0°0171 0°0141 0°0030 
(32.) 0°1023 0°0173 0°0158 0°0015 
(33.) 0°0509 0°0170 0°0167 0°0003 
(34.) 0°0207 0°0171 0°0162 0°0009 


These results indicate that the amount of calcium, carried 
down with the manganese, depends largely on the relative 
quantities of manganese and calcium. However this may be 
it is evident that where the amounts of each are not less than 
0-02 grams a double precipitation of manganese should be 
made. 

Having introduced such large quantities of ammonium salts 
into the solutions the question of effect on the oxalate precipi- 
tate was raised. Attention has been ealled to the negative 
calcium error. Is this due simply to the solubility of the 
oxalate or is it the sum of large positive* and larger negative 
errors ? 

In answer to this suggestion a number of calcium determi- 
nations were made, in which the previous conditions, as to 
quantity of ammonium salts and volume of solution, were 
observed. 


*The source of positive error would be the reagents and glass ware. The 
operations, excepting the precipitation of manganese by bromine, were carried on 
in platinum. The ammonium hydrate and sulphurous acid were freshly prepared. 
The other reagents were carefully tested. 
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Weight of CaO Weight of CaO 

taken. found Error. 

germ. erm. erm. 
(35.) 0°1136 0°1131 0'0005— 
(36.) 0°1138 0°1135 0°0003 — 
(37.)  0°1136 0°1136 0:0000 
(38.) 06°1139 0°1137 0°0002— 
(39.) 0°1136 0°1132 0:0004 — 
(40.) 071138 0°1133 00005 — 


The solutions 300° contained approximately 5 grams of 
the chloride, 5 grams of the acetate and 10 grams of the bro- 
mide of ammonium. The inference is that their influence in 
restraining the oxalate precipitation is slight. 

Summary: In precipitating iron as basic acetate it is proba- 
bly better to avoid a great excess of the acetate. A conside- 
rable excess need not however interfere with the separation. 
While an acetate solution favors the reduction of iron, with 
care this reduction may be avoided. The precipitate should 
not be digested too vigorously nor too long. 

In neutralizing the solution, preparatory to the acetate sepa- 
ration, a slight precipitate of manganese, due to oxidation, is 
almost always formed. This influences more or less markedly 
the completeness of a single separation. It cannot be wholly 
avoided, though the effect of the presence of ammonium salts, 
in holding manganese salts in solution, is probably beneficial. 
While the manganese remains in solution oxidation cannot 
take place. 

In precipitating manganese from an ammoniacal solution by 
means of bromine the presence of acetates is desirable. The 
oxidation is more rapid, hence more complete than in a solu- 
tion free from acetates. Bromine water should be added to 
the hot ammoniacal solution. If the solution be cold the oxi- 
dation is slow and in the end often incomplete. The addition 
of bromine to the solution already made ammoniacal seems 
prefe ‘able to a reversal of this order as it insures a more uni- 
form oxidation. 

Where either the calcium or the manganese is in excess of 
0°02 grams two precipitations are necessary. 

In conclusion it may be said that, in the hands of a careful 
analyst, both methods are, according to present standards accu- 
rate. 

Chemical Laboratory, Trinity Collegé 
Hartford, Noy., 1891 
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Art. XVIIIl.—TZhe Central Massachusetts Moraine ;* by 
S. Tarr.t 


Upon the plains of the Centra] States the ice of the last 
glacial period has registered, with distinctness, the various halts 
in its recession. The record of the ice retreat in this region 
has been worked out in admirable detail by the glacialists in 
charge of this work. Rapid retreats, temporary halts and 
slight readvances are here indicated by the glacial deposits. 

The disappearance of the ice from New England must have 
been marked by very nearly the same history, “but the detailed 
record of this retreat has not yet been studied. This is due in 
part to the fact that until recently no systematic studies of the 

lacial deposits of New England have been undertaken, but 
chiefly to the fact that the record left by the ice, as it melted 
away, is obscure. This obscurity is the result of the topo- 
graphic diversity of the region. Upona plain a slight moraine 
becomes a marked topographic feature, but amid the hilly dis- 
trict of New England its importance is masked by the more 
striking undulations and reliefs. In addition to this the very 
fact of the diversified topography has made the minor moraines 
actually less distinct and hence more difficult to study than 
would have been the case on a level country. The ice margin 
must have conformed ina measure to the topography, and 
hence the deposits must have varied in distribution with the 
variations in altitude and relief. Not only was their distribu- 
tion so influenced but also their character. The rapid water 
currents rendered possible in a hilly country swept away por- 
tions and modified others. 

For several years Prof. N.S. Shaler has been conducting 
detailed studies of the glacial Pretnsc~s of Massachusetts and the 
neighboring states and ‘eventually, if his plans are carried out, 
the record of the ice retreat in this region will be definitely 
known. As an assistant in this work during several summers 
it was my fortune to find and trace out, in part, a distinct 
morainal band in Central Massachusetts, marking a temporary 
halt in the recession of the glacier, and it is this that I shall 
briefly describe. 

On the islands off the southern coast of New England a well 
defined terminal moraine has long been known and well de- 

* Published by permission of the Director of the United States Geological Survey. 

+I am indebted to Prof. J. D. Dana and Mr. Warren Upham for valuable sug- 
gestions which have aided in the preparation of this paper as well as to Prof. N. 
S. Shaler, under whose direction the field work, upon which these results are 
based, was done. 
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scribed by various observers. It seems to be established that 
this moraine marks the point of the glacier for the greater part 
of its long stand upon this part of the continent. Patches of 
morainal matter have been noticed and described from various 
parts of New England, by Mr. Upham and others, but no con- 
tinuous lines of moraine have been traced for any considerable 
distance. Some of these morainal patches have been supposed 
to mark local glaciers remaining upon the higher lands after 
the main ice mass had disappeared. 

A singular morainal area was described by Prof. Shaler in 
the Ninth Annual Report of the U. S. Geological Survey, as 
occurring at Cape Ann on Massachusetts Bay. As an assistant 
in this work my attention was called to this deposit several 
years ago and its boundary within the area was traced with 
considerable accuracy. At that time it was not known that 
this bit of moraine was connected in any way with any other, 
but subsequent, studies of the glacial deposits have pointed to 
a somewhat continuous moraine from Cape Ann nearly to the 
Connecticut River. Beyond the Connecticut morainal deposits 
have not been identified with certainty, excepting in some of 
the larger stream valleys; and the connection of these ap- 
parently isolated moraines with the Central Massachusetts 
moraine has not been definitely established. 

The Cape Ann moraine has been fully described by Prof. 
Shaler,* with numerous illustrations from photographs. In 
general it occupies a large part of the island of Cape Ann and 
of the mainland to the west and southwest. On the island it 
covers the major part of the interior, but is rarely found in 
perfect development below the one hundred foot contour line, 
this part of the island being chiefly bare bed rock as if wave- 
swept. The morainal boundary is roughly circular, with an 
average diameter of not more than four miles. It is completely 
separated from the moraine on the mainland to the westward 
by the inlet or “reach” of “Squam River,” but above the one 
hundred foot contour line it begins again occupying a wooded 
strip, with a width of from one to four or five miles, in the 
towns of Manchester, Essex and Gloucester. Farther still to 
the west the moraine becomes narrower but is distinctly trace- 
able in the vicinity of Chebueco Pond, Wenham, and farther 
west to the extreme boundary of the Salem sheet of the Mas- 
sachusetts topographical atlas. 

This band of moraine is twenty miles long, and the width 
yaries from a few hundred yards west of Wenham to four or 
five miles east of that town. The average width is not less 
than a mile. From the western part of the Salem street to 


* Ninth Annual Report U.S. Geol. Survey, pp. 529-611 
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Ayer Junction, a distance of twenty-four miles I have had no 
opportunity for studying the surface geology, but just southeast 
of Ayer Junction distinct morainal deposits are found and a 
quite continuous band of moraine extends from here westward 
to the Connecticut river, passing south of Winchendon, Royal- 
ston, Orange and Turner’s Falls. This line of moraine is fifty 
miles long and thus from Cape Ann to the Connecticut, a 
distance of ninety-four miles, moraine has been found in 
seventy miles, the remaining twenty-four not having been 
examined. 

To briefly describe the Cape Ann moraine it may be said 
that the essential features are sharp peaks and hummocks of 
drift, completely enclosed kettle-holes of unstratified drift, and 
a surface thickly strewn with bowlders chiefly of granite 
locally derived. While the entire surface is bowlder strewn, 
the most excessive development of bowldery deposits is in 
trains, or parallel bands extending a little north of east at right 
angles to the direction of elacial motion. There are several 
square miles of such bowldery places on Cape Ann where the 
bowlders are literally piled one upon another with rarely any 
soil showing. A better development of the “bear-den” mo- 
raine would be difficult to find. Parallel with these bowlder 
lines are ridges of drift and the corresponding valleys. 

While the material composing the moraine is considerably 
less clayey than ordinary till it is, with rare exception, an 
unstratified deposit quite closely resembling till. A few 
patches of stratified drift and a single serpent kame occur on 
the island. 

On the mainland west of Cape Ann much the same charac- 
ter marks the moraine, except that bowlders are less numerous, 
as long as the moraine rests on the granite. Where it is found 
upon the metamorphic rocks as in Wenham and westward the 
bowlders decrease perceptibly in abundance and size, the de- 
posits are more sandy and they merge more commonly into 
stratified deposits. At the same time the distinctly “ shoved” 
moraine narrows. These facts are undoubtedly to be referred 
in part to the change in character of supply, but chietly to the 
more moderate relief which permitted the deposition of sand 
and gravel deposits. Some of the morainal peaks are partly 
buried beneath such deposits. 

In the region between Ayer Junction and the Connecticut 
tiver the morainal accumulations are quite puzzling. The 
country is hilly and deeply scored by both east and west and 
north and south valleys. The result has been a complicated 
distribution of the morainal deposits which renders exact state- 
ments concerning the detailed history of their formation quite 
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impossible at present. The distribution is in more or less con- 
tinuous patches; but distinct lines of moraine cannot be traced 
for any considerable distance, their continuity being inter- 
rupted by the irregularity of the topography. As the result of 
this. we find a series of scalloped, serrated lines in the general 
moraine. These lines and the entire moraine are sometimes 
broken, yet the general continuity of the deposit is undoubted, 
for the breaks are rarely a mile in length. 

A vacillating condition at this place is indicated by the 
great width of the morainal deposits. The moraine-covered 
tract is often eight or ten miles in width and isolated patches 
of “shoved” moraine are found both to the north and south 
of this. 

The central Massachusetts moraine is typically developed at 
Winchendon, Gardner, and south of Athol and Orange on the 
Winchendon and Warwick sheets of the Massachusetts topo- 
graphical map. A detailed description of the moraine on the 
various sheets will be found in Prof. Shaler’s forthcoming 
monograph on the Surface Geology of Massachusetts. It pre- 
sents all the features of a typical “shoved” moraine, being 
rough in outline and bowlder strewn, having hummocks and 
kettles of unstratified drift and being associated with stratified 
drift both of contemporaneous and subsequent origin. This 
stratified drift is of the sand plain, esker and valley drift types. 
In places the morainal hummocks are made up of roughly 
stratified layers of till and gravel, they are at times partly and 
even entirely covered by stratified drift of the overwash type, 
and sand plains are not uncommonly found amid the morainal 
peaks and kettles. No distinct frontal apron exists, for the 
diversity of the topography would not admit of such well de- 
fined level deposits. 

These observations prove that the ice halted in its retreat 
from New England at about the line oceupied by this moraine. 
The halt was not of sufficient duration to permit of the forma- 
tion of a strikingly well defined moraine yet it was long 
enough for the formation of a well defined morainal band. 
The varying width in the central part of the State points to 
some vacillation in the ice front at age place, though this does 
not seem to have been the case in the eastern part of the 
moraine near the coast line. 

One of the striking features of the central Massachusetts 
moraine is its east and west course, since its linear extension is 
in general direction slightly diagonal to the glacial strie. This 
is particularly the case in its sea coast end where it can be 
traced continuously for a score of miles nearly due west. 
whereas the striz point usually N. 25 W. or even more. Even 
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in the interior the moraine does not swerve to the southwest 
showing that the highlands of the northern central part of the 
State and of New Hampshire exercised little influence upon 
the ice front. It may be said, however, that the glacial striae in 
this part of the State point nearly north and south, the south- 
easterly trend near the sea coast being very likely due to the 
influence of the easterly sloping coast border. 

Since this moraine has not been traced west of the Connecti- 
cut nothing can be definitely said with regard to its westerly 
continuation. It seems probable, as suggested to me by Prof. 
Dana, that the influence of the very marked highland region 
of the Berkshire Hills in Western Massachusetts must have 
caused a southward extension of the ice margin west of the 
Connecticut. In the region about Pittsfield and North Adams, 
particularly in the larger valleys, there are patches of bowldery, 
hummocky, partially stratified drift which seem to be morainal 
in character. No attempt can be made to correlate these with 
the central moraine at this time: 

It is hardly probable that between the Long Island moraines 
and that of central Massachusetts the recession of the ice was 
so uniform and rapid that no sign of its retreat was left and 
the facts in the field seem to show that this was not the case 
My studies have been in the main in isolated districts in Mas- 
sachusetts, Connecticut and Vermont, so that aside from the 
moraine just described it is not possible for me to state defi- 
nitely that other bands of moraine exist. Still, both south and 
north of this moraine, I have found isolated patches of true 
shoved moraine, though nowhere has it been found to have 
the well marked development noticed in that of central Massa- 
chusetts. Such deposits have been noticed im the vicinity of 
Worcester, Mass., in southeastern Massachusetts, Waterbury, 
Connecticut and southern Vermont, and other observers have 
described moraine in New Hampshire. 

None of these deposits have been studied in detail and with a 
view to their relation to one another, but without doubt, when 
they are so studied it will be found that the history of the dis- 
appearance of the ice sheet from New England was, like the 
ice of the upper Mississippi valley, one of numerous halts and 
slight readvances, though the records left will be found to be 
much less distinct in New England than in the west. 
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Art. XIX.—Proofs that the Holyoke and Deerfield Trap 
Sheets are Conte Mporaneous Flows and not later intru- 
sions ; by Ben K. EMERSON. 


In the concluding paragraph of his most interesting article 
on the Trap Rocks about New Haven,* Professor Dana is in- 
clined to make the results he has reached regarding the traps 
and sandstones of the New Haven region general for those of 
the whole Connecticut Valley. 

He concludes that these traps are subsequent to and intrusive 
in the sandstones and not “ poured out in one, two or more 
horizontal sheets, separated, and overlaid horizontally by beds 
of sandstone.” The essential point in this contention, if I 
understand aright, is that the traps associated with the Triassic 
sandstones are all newer than these sandstones 

The following is presented as an abstract of the proofs that 
all the main trap sheets in Massachusetts are contemporaneous 
flows, and easily distinguished from the smaller intrusive 
masses. 

1. At the upper surface of the Deerfield bed of trap east of 
the mouth of Fall River opposite to Turner’s Falls, a perfect 
ropy surface of flow is exposed and the soft red shale folds 
round the curved surfaces and into the deep grooves in a way 
only possible by a surface flow. The red sand can be picked 
out of open steam holes on the surface, as the bed is strongly 
vesicular at surface. At the base it is here aphanitic and the 
sandstone is baked into a black hornstone-like mass. 

2. At the base of the same bed several miles south in 
the north edge of Greenfield, the cliff has been cleared at 
the City’s Stone Crushing Works and a very remarkable sec- 
tion is exposed (fig. 1). The dip is east, and in the westward 
facing cliff the heavy trap bed, 7; rests on soft unbaked 
sandstone, S, and is vesicular and coarsely brecciated for about 
12 to 16 feet. The lower portion of this agglomerate, 7%, is 
cemented by a red sand which penetrates the fissures between 
the breccia blocks for six or eight feet up from the base 
and is now hardened to red sandstone, which is continuous 
below with the sandstone on which the trap rests, while an 
aphanitic non-vesicular trap is continued down between the 
coarse porous blocks, 7%, from the unbrecciated mass above 
to fill the fissures down to the point reached by the sand. 


* This Jour., xlii, p. 110. 
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The explanation of this, I believe 1. Trap Section, Greenfield. 
to be, that like an unrolling carpet 

the slaggy surface of the flow was 

underrolled on a submerged or 

muddy bottom and the mud was 

forced up into the fissures by the 

weight of the 200 feet of trap, and 

met in the cracks by the still liquid 

trap from above. 

3. The Holyoke sheet from its 
east end to the Connecticut River 
bakes the sandstone on which it 
rests and has rarely large long steam 
pores running up from the base six 
inches or a foot, caused by the moist- === 
ure in the subjacent sandstone, and G Feet 
it is highly vesicular and without 7 Trap; 7, Trap agglomerate 
any trace of baking at its upper sur- with trap cement; 7s, Trap ag- 
face. glomerate with sand cement; 4, 

Between the Connecticut and Sr 
Westtield rivers (fourteen miles), the base of the sheet is often 
very vesicular and kneaded full of dove-colored limestone, as if 
limestone and trap had been plastic at the same time. In 
thin sections the fine grained limestone can be seen penetrat- 
ing the steam holes with a distinct flow structure, but the 
boundaries are sharp between trap and sandstone. The trap 
is here perhaps 300 feet thick, but has not baked the sub- 
jacent arkose at all. At one place where the railroad between 
Westfield and Holyoke cuts the south line of the latter place 
a broad area of the upper surface of the sheet is filled in the 
same way with the same limestone to a depth of 8 or 10 feet. 
This latter rock is not in place in the rocks cut through by the 
trap, either at the surface or in the many artesian borings I 
have studied, down to 3500 feet in depth. “I explain the above 
structure also by the underrolling of the surface of the sheet as 
above. A limited amount of calcareous mud was washed onto 
the submerged surface of the advancing sheet (which was super- 
ficially soliditied) and blended more or less with this surface 
which by the continued advance of the mass became in part 
underrolled, thus protecting the sand below from baking, and 
bringing the highly vesicular trap loaded with limestone to the 
base of the bed. 

4, At the Delaney’s Quarry by the railroad on the north line 
of Holyoke the extremely irregular surface of the trap which 
rises and falls twenty feet in the quarry and is warty and ropy 
in the extreme, is closely fitted by the dark mud at first depos- 
ited, and the sandy layers immediately above undulate in and 
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out of the depressions and slowly obliterate them, and all with- 
out marked induration. The trap immediately beneath is the 
finest amygdaloid. This is a portion of the posterior sheet. 

The Holyoke sheet is covered by arkose and this by a 
thick bed of trap tuff and a; gglome rate whose outcrop stretches 
parallel to, and a mile south of, the main Holyoke sheet from 
its east end to Holyoke town, about eighteen miles. 

I have cut many thin sections from all parts of this bed, and 
the diabase of which it is composed is not in any way to be 
distinguished from that of the main trap sheets here discussed. 
This makes certain the eruption of a great amount of trap 
during the deposition of the sandstones, and accords with the 
supposition that the closely associated Holyoke sheet was also 
contemporaneous with the sandstones. Fig. 2 gives a sketch 


> 
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of the east end of the Holyoke range and shows that the trap 
sheet and the tufa bed have been faulted together and that the 
main trap sheet must have found its present place in the sand- 
stones below the tufa before the epoch of disturbance which 
caused this faulting, while the latter cores show generally a 
distinct connection with these faults. 

Except the Holyoke and Deerfield beds, and the “ posterior ” 
trap sheet running across Holyoke town and Agawam, all the 
trap given on the small map recently published by me* is 
intrusive but is in small amount, and is in every way contrasted 
with the large beds discussed above. The intrusive trap sends 
out dikes in the sandstone in all ways. The smallest cores or 
dikes do much more baking than the thick beds because they 
have passed as hot lava through the sandstone while the beds 
have run as scoria-encased flows on the sands. 


* Bulletin of the Geological Society of America, vol. ii, pp. 451-456, pl. 17. 


| | 
| 
| 
H 
> 
4 I~. 
\ iD Cores. 
| | Faults. 


Chemistry and Physics. 


SCIENTIFIC INTELLIGENCE. 
I. CHEMISTRY AND PHysICcs. 


1. On the Gravi-volumeter.—An instrument by means of which 
the mass of a given gas is given directly from a single reading of 
its volume, has been devised by Japp, who has called it a gravi- 
volumeter. It is a modification of the gas volumeter of Lunge. 
The apparatus consists of two gas burettes, each of 50° capac- 
ity, provided with obliquely bored taps. One of these, A, has a 
three-way tap, and is used as the gas measuring tube; the other, 
B, has only a single tap and serves as the regulator tube. Both 
tubes are moistened internally, in order to saturate the gases they 
contain with aqueous vapor, and both are connected by means of 
stout flexible tubing and a IT’ piece with the same movable reser- 
voir of mercury. In calculating the “ gravi-volumetric values” 
of the different gases to be measured, the 25°° division of the 
regulator tube is taken as the starting point. In the case of 
nitrogen, for example, the volume to which 25° of standard- 
dry nitrogen must be brought in order that 1° may correspond 
with one milligram of the gas, is calculated. Since the mass of 
25°° of nitrogen is 0°001256 K 25 = 0°0314 gram, or 31°4 milli- 
grams, this mass must be brought to 31°4°. The division 314 
on the regulator tube is therefore marked N,. Similar points are 
determined for other gases and marked O,, CO,, ete. The 
barometer and thermometer are now read, the volume which 25° 
of standard-dry air would occupy at this pressure and tem- 
perature is calculated, and this volume of air is admitted into the 
regulator tube. Suppese it is desired to ascertain the mass of a 
quantity of nitrogen contained in the measuring tube. It is nec- 
essary only to raise or lower the mercury reservoir unti! the mer- 
cury in the regulator tube stands at the nitrogen mark, 31°4, this 
regulator tube being adjusted so that the mercury level in it and 
in t'e measuring tube is the same. Under these conditions each 
cubic centimeter of nitrogen in the measuring tube has the mass 
of one milligram; so that the reading of the gas volume in cubic 
centimeters and tenths gives at once the mass of the gas in milli- 
grams and tenths. By bringing the mercury in the regulator 
tube to the proper level, the mass of any other gas may be read 
in a similar manner. If.it be brought to the 25 mark, the gas or 
mixture of gases will have the volume it would occupy in the 
standard-dry state and the apparatus acts as a gas-volumeter.— 
J. Chem. Soc., lix, 894, November, 1891. G. F. B. 

2. On the Klement Fluorine.—An extended memoir upon the 
element fluorine has been published by Moissan, giving the re- 
sults of his more recent researches upon this substance. An 
excellent resumé of this paper has been given in English by 
Tutton, For preparing the fluorine the platinum U-tube em- 
ployed in the later experiments was much larger and had a 
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capacity of 160°. It was immersed during electrolysis in boiling 
methyl chloride, giving a temperature of — 23°. In this tube a 
mixture of 100° hydrofluoric acid and 20 grams HKF, was con- 
tained; and this under the action of 26 to 28 Bunsen cells ar- 
ranged in series, evolved four liters of pure fluorine per hour. 
The gas as evolved was first conducted through a platinum spiral 
placed in a bath of boiling methyl chloride and maintained at 
about — 50°, for the purpose of condensing the accompanying 
hydrogen fluoride, which boils at 19°5°, It was then passed 
through platinum tubes filled with fragments of fused sodium 
fluoride, by which the last traces of the hydrogen fluoride were 
removed. At the be ginning of the electrolysis the fluorine 
attacks the positive electrode, which is of pure platinum, produc- 
ing PtF,. This apparently unites with the potassium fluoride to 
form (KF), PtF,; and it is only when the liquid contains this 
double salt that the electrolysis proceeds regularly. Pure fluorine 
possesses an odor resembling that of a mixture of hypochlorous 
acid and nitrogen peroxide; though this odor is masked by that 
of the ozone formed by its action upon moist air. In a thickness 
of one meter it has a greenish yellow color, paler and more yellow 
than that of chlorine; but its spectrum shows no absorption bands. 
Its spark spectrum shows 13 bright lines in the red between 


A= 0°744" and 0°623”. Its density, as the result of many exper- 
iments, appears to be 1°265, the theoretical value being 1°316. 
It is not liquefied at — 95° at the ordinary atmospheric pressure. 


Fluorine combines with hydrogen with explosion, even in the 
dark and at a temperature of — 23°. With oxygen, on the other 
hand, it does not unite even at 500°. When fluorine acts on 
water a peculiar odor is noticed, which soon passes into that of 
ozone and which the author thinks may be due to an oxide of 
fluorine. Many other reactions are given in Moissan’s paper.— 
Ann. Chem. Phys., V1, xxiv, 224, Oct., 1891; Mature, xliv, 622, 
Oct., 1891. G. F. B. 

3. On the commercial production of Ozone.—In a recent lecture 
by Fréricu he has given an account of the experiments which 
have been made in the laboratory of Siemens and Halske in Ber- 
lin for the commercial production of ozone. The original Siemens 
ozonizing tube consisted of two concentric glass cylinders, the 
inner one coated interiorly and the outer one exteriorly with 
metal; these two coatings being supplied with an alternating 
current of high potential, while oxygen was made to traverse the 


annular space between them. It now appears that only on 
dielectric is necessary, mica, celluloid, poreelain and the like 
being available as well as glass, and the ozone-tube having either 
> 


a metal tube within and a metal-coated non-conducting tube with- 
out, or a metal tube without while the inner tube is made of the 
non-conducting material and lined with metal. The metals to be 
used are of course those which are not attacked by ozone, such as 
platinum, tin or aluminum. Cold water flows through the inner 
tube, and through the annular space pure dry air. Severai such 
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tubes may be combined into one system and worked with alter- 
nating currents; though for single tubes a continuous current 
with an interrupter is best. The apparatus now at work in the 
above laboratory yields 2°4 milligrams of ozone per second. 
Experiments are in progress looking to the production of a sup- 
ply of compressed ozone for technical uses; this having already 
been done on the small scale under a pressure of nine atmospheres. 
One use specially dwelt upon by the lecturer is that for the disin- 
fection and sterilization of water.— Nature, xlv, 39, November, 
1891, G. F. B. 
4. On Free Hydroxylamine.—Free hydroxylamine NH,OH, 
has at last been isolated by Losry peBrRuyn. For this purpose 
he heated about a hundred grams of hydroxylamine hydrochlorate 
dissolved in 600° of warm methyl alcchol, with such a quantity 
of sodium, also dissolved in methyl alcohol, as was necessary to 
leave the hydrochlorate in slight excess. After removing the 
sodium chloride by decantation and the methyl! alcohol by dis- 
tillation at 160-200" pressure, the residue was treated with 
anhydrous ether to completely precipitate the last traces of the 
sodium chloride. The liquid separated into two layers, the upper 
one being the ether, containing about 5 per cent of hydroxylamine, 
and the lower containing over 50 per cent, besides the remainder 
of the methyl alcohol. On subjecting this lower layer to fraction- 
ation under 60™™" pressure, three products were obtained, one 
containing 27 per cent of hydroxylamine, one 60 per cent, and 
the third ‘crystallizing i in the ice cold receiver in long needles and 
being pure hydroxylamine, NH,OH. It is very hygroscopic and 
fuses at 33° , the liquid having a remarkable power of dissolving 
metallic salts. It is without odor and is heavier than water. It 
explodes violently when heated to 80-100°. It is only slightly 
soluble in liquid carbon compounds such as chloroform, benzene, 
carbon disulphide and the like. It readily attacks cork and 
cellulose. The pure crystals are very stable. Bromine and 
iodine act upon free hydroxylamine, the former with violence.— 
Recueil des travaux chimiques des Pays Bas, x, 101, 1891; 
Nature, xiv, 20, November, 1891. G. F. B. 
5. On Iron Carbonyls.—Monp and LANGER have continued 
their researches upon the volatile compound of iron and carbo- 
nyl discovered by them in the first haif of the present year.* 
For its preparation, they now prepare first finely divided iron by 
heating ferrous oxalate in a current of hydrogen, boiling the 
resulting product in water, and again heating the iron in a cur- 
rent of hydrogen. The hydrogen after cooling is displaced by 
carbon monoxide and the tube is closed at one end the other be- 
ing connected to the source of supply of the carbonyl, this gas 
being slowly absorbed by the iron, After twenty-four hours, the 
iron-carbonyl is distilled off, the receiving tube being cooled to 
—20°, and the operation is repeated. The yield is small, only 
one gram being obtained from 100 grams of iron. As thus ob- 


* See this Journal, IIT, xlii, 424, November, 1891. 
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tained iron-carbonyl is a somewhat viscous liquid of a pale yellow 
color. Its specific gravity at 18° is 14664. Under a pressure of 
749"™™ it distills without decomposition at 102°8°; and it solidi- 
fies below —21° yielding a mass of yellowish needle-shaped crys- 
tals. On exposure to the air it is slowly decomposed, yielding 
ferric hydrate. At 180° it is decomposed into iron and carbonyl, 
Its vapor-density is 6-4 to 65; corresponding to the formula 
Fe(CO), which requires 6°7, while Fe(CO), requires 5°7. Hence 
the authors propose for it the name ferro-pentacarbonyl. It is iso- 
meric with ferrous croconate C.FeO,. When exposed to the light 
for several hours in a sealed tube this substance yields tabular 
gold-colored crystals, which when dry have a metallic luster and 
resemble flakes ef gold. On analysis figures were obtained agree- 
ing with the formula Fe,(CO) diferro-heptacarbonyl.—J. Chem. 
Suc., lix, 1096, December, 1891. G. F. B. 

6. On the Presence of Tron- Carbonyl in Water Gas.—In the 
course of some experiments upon a water-gas containing about 
40 per cent of carbon monoxide, Roscor and ScuppER noticed 
that the magnesia combs placed over the flame of the burning 
water gas became r: ipidly coated with iron oxide which materi- 
ally decreased the illuminating power. Steatite burners were 
found to be stained with iron oxide in the same manner. When 
allowed to accumulate, the deposit took a coralloid, tuberous 
form, quite different from that assumed by pe irticles mechanically 
tr ansported, Suspecting the formation of iron-carbonyl, they 
compressed the water-gas in iron cylinders to eight atmospheres 
and allowed it to stand for a week. The gas, which usually 
burned with a blue non-luminous flame now burned with an 
intense yellow one and deposited upon the magnesia comb held 
in it large quantities of iron oxide. On depressing the lid of a 
porcelain crucible upon the flame a black stain of metallic iron 
was obtained; and on passing it through a heated tube a mirror 
of this metal was produced. Thirty liters of the compressed gas 
gave 32 milligrams of metallic iron when heated in a tube in this 
way. A plug of cotton wool placed between the heated portion 
of the tube and the burner received 40 milligrams of iron, in addi- 
tion. On cooling the gas a liquid conde nsed hav ing the proper- 
ties of iron-carbony). Ordinary coal gas compressed in iron 
cylinder rs has been found to de posit iron upon the lime cylinders 
used in lantern projection.— Nature, xlv, 36, November, 1891. 

G. F. B. 

7. An Introduction to Chemical Theory. By ALEexaNDER 
Scorr, M.A., D. Se. 12mo, pp. viii, 266. London and Edinburgh, 
1891. (Adam and Charles Black).—The object of this excellent 
little book is to supplement those chemical text books which “ are 
occupied too fully by the mere enumeration of facts and descrip- 
tions of experiments, to the exclusion of the more philosophical 
parts of the subject.” The mode of treatment is original, the 
chapters on the “ Constitution of Matter,” on ‘‘ Atomic and molec- 
ular Weights,” on “ Classification of the Elements,” on “ Abnormal 
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Vapor Densities and Dissociation,” on “'Thermo-chemistry ” and 


on “Chemical change” being especially satisfactory. We cor- 
dially commend the book to those students who desire to 
acquaint themselves with the modern philosophy of chemistry. 

G. F. B. 

8. Heperiments arranged for Students in General Chemistry. 
—By F. and Harry F. Ketter. 2d. Ed. Enlarg- 
ed. 8vo, pp. 60. Philadelphia, 1891 (P. Blakston, Son & Co.). 
This little work,” say the authors in their preface, “is designed 
for beginners in chemistry.” It describes carefully and precisely 
such experiments as the student can make himself, illustrated 
with cuts of the apparatus needed. It appears to us admirably 
adapted to its purpose. G. F. B. 

9 A Text-book of Elementary Chemistry. By Grorcr F. 
BarKER, M.D. 2nd Edition, 1891. (John P. Morton & Co., 
Louisville, Ky.) There are not a few among our teachers of 
chemistry who believe that in schools of applied science and 
medicine, where chemistry is taught as a collateral subject, and 
in required courses in colleges, where but a limited time can be 
allowed for the acquisition of the principles and facts of this 
science, the inductive method of instruction is impracticable, and 
it is partly because of this belief and partly because Dr. Barker’s 
work was admirably arranged, its statements were clear, accu- 
rate and concise, and the system of nomenclature and notation 
adopted were judiciously chosen {rom among the many then com- 
peting for recognition, that the first edition of his Elementary 
Chemistry owed the gratifying success which it achieved and has 
maintained since its publication in 1871. 

This approval has made it seem undesirable in preparing a 
second edition to alter materially the general plan of the book 
other than results from the adoption of Mendeléeff’s periodic law 
as the basis of its classification of the elements and for the 
arrangement of the descriptive part of the book; the use of the 
laws of thermo-chemistry in the elucidation of chemical phenomena 
and in tracing the connection between matter-changes and energy- 
changes; and the substitution of the word mass for weight in the 
terms “atomic weight” and “molecular weight” by which 
greater precision of statement is effected and the terminology of 
chemistry is brought into entire accord with that of the rest of 
the physical domain. Besides this the book has undergone a 
thorough revision; the newer discoveries in physical chemistry, 
such as the liquefaction and solidification of the gases and the 
many Other physical constants being recorded from the data of 
the most recent experiments. Notwithstanding the considerable 
amount of new matter added, the size of the book has not been 
materially increased, as in the author’s judgment a text-book 
should contain no more matter than the student may be required 
to master. Cc. E. M. 

10. Low Temperatures.—Professor Picrer has established in 
Berlin a laboratory for work with low temperatures. In order 
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to avoid the great pressure required in handling the highly evapora- 
tive substances of lowest boiling point which serve to produce ex- 
treme cold, it is necessary to divide the difference of temperature 
into several stages, Each stage is fitted with especial apparatus 
consisting of an air pump worked by steam, which drains off the 
vapors of the liquid from the refrigerator, and forces them into a 
condensor where, reduced to the liquid state, they are again 
offered for evaporation in the refrigerator. Thus the liquid, with- 
out leakage, passes through a continuous circuit, and the opera- 
tions can be carried on for any length of time. The liquid made 
use of for the first stage is a mixture of sulphurous acid and a 
small percentage of carbonic acid and is called “ Liquide Pictet.” 
It is condensed at a pressure of two atmospheres in a special tube 
cooled by running water. Oxide of nitrogen is the liquid chosen 
for the second stage. Its vapors are condensed in the same way, 
at a pressure about five or six times as great inatube maintained 
at about —80° C. by the action of the first circuit. Asa medium for 
a third stage in which continuous circulation has not vet been 
attempted, atmospheric air is employed, which passes into the 
liquid state at a pressure of about 75 atmospheres, provided the 
condenser is kept at —135° by the first two circuits. ‘The evapo- 
ration of the liquefied air causes the thermometer to fall below 
—200°. A remarkable difference has been noted in the radiation 
of heat by Prof. Pictet. Material considered a non-conductor of 
heat does not appear to affect much the passage of heat into a 
body cooled down below —100°. In Professor Pictet’s words the 
slow oscillations of matter, which' constitute the lowest degrees 
of heat, pass more readily through the obstructions of a so-called 
non-conductor, than those corresponding to a higher temperature, 
just as the less intense undulations of red light are better able to 
penetrate clouds of dust than those of the blue. The quantity of 
heat which hourly floods a cylinder 1250" high by 210" wide 
(the size of the refrigerator) at —80°, is no less than 600 calo- 
ries, and no packing will keep it out. At a lower temperature, 
the radiation being even greater, the power of the machinery 
intended to draw off still more heat would have to be enormous. 
The lowest temperature Prof. Pictet judges to be attainable is 
about —255°. In order to measure the elasticity of mercury, 
Prof. Paalzon had the metal cast and frozen in the shape of a 
tuning fork. Professor Pictet by freezing chloroform has refined 
it so that it becomes a stable substance.—Nature, Nov. 12, 1891. 
J. T. 

11. Vibrations of Strings.—MeEnzet and Raps have studied 
this subject by the aid of photography. The light of an electric 
lamp is thrown by means of a slit and a combination of lenses 
upon the vibrating wire or string. The image of the slit is at 
right angles to the string. A chronograph cylinder is placed 
behind the vibrating string. This cylinder is covered with sen- 
sitive paper. When the string is at rest and the cylinder re- 
volves, a dark band is photographed on the paper with a white 
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line passing through its middle, caused by the shadow of the 
string when it crosses the slit. When the string vibrates this 
shadow draws, so to speak, the vibration of the string on the sen- 
sitive paper. A large number-of results accompany the paper. 
The effect of bowing the string near the nodes, is discussed. —Ann. 
der Physik und Chemie, No. 12, 1891, pp. 623-641. a & 
§'12. The Telephone as an optical instrument for current meas- 
ure-—M. Wien affixes a stylus to the diaphragm of a telephone. 
This stylus touches a mirror which is fastened to a flexible arm, 
which in turn is clamped in an adjustable support. The mirror 
holder is tuned carefully to the note of the diaphragm and the 
latter is also tuned to the note of the alternating current which 
is employed. The instrument readily shows 3°1077 amperes,— 
Ann. der Physik and Chemie, No. 12, 1891. pp. 681-688. 4. T. 
13. Solubility of Glass.—F. Koutravuscu has completed an 
exhaustive paper on this subject. Among the large number of 
results obtained by him, it is noted that glass containing silicic 
acid, boracic acid, alkali without chalk, show little solubility. 
Borax yiass without silicic acid is enormously soluble.—Anza. 
der Physik und Chemie, No. 12, 1891, pp. 577-622. a @ 
14. An Intvoduction to the Mathematical y of Electricity - 
and Magnetism ; by W.T. A. Emrace. 228 pp., Oxford, 1891. 
—This little volume gives an excellent nuiodantion on the mathe- 
matical side to the subjects of Electricity and Magnetism, and 
will be very useful to the student whg does not wish to plunge at 
once into one of the larger treatises. The method of presentation 
and the statement of definitions are very clear and systematic. 


Il GEroLoGy AND MINERALOGY. 


1. Tenth -Annual Report of the U. S. Geological Survey, 
Director. Ii this Report, the report 
of ‘the Director and the Administ ative reports of the Heads of 
Divisions, occupying 252 pages, are followed by three memoirs 
of great value, entitled: General account of the freshwater 
morasses of the United States, with a description of the Dismal 
Swamp district of Virginia and North Carolina, by Prof. N.S. 
SHALER, with plates V Ito XIX ; T he Penokee Iron- bearing series 
of Michigan and Wisconsin, by R. D. Irvine and C, R. Van 
Hise, with plates XX to XLVII; and The Fauna of the Lower 
Cambrian or Olenellus Zone, by C. D. Watcorr, with plates 
XLVII to XCVIII.—A second volume of 123 pages constituting 
Part II. of the Report, is devoted to the subject of the Irriga- 
tion Survey. 

Professor Shaler treats of the formation of morasses, and the 
conditions favorable to it in climate, vegetation and position, and 
enters into the history, geological structure and economic value 
of the region of the Dismal Swamp, illustrating the subject with 
many sections and fine plates. The paper by Professors Irving 
and Van Hise describes with fulness the rocks and structure of 
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the Penokee belt of iron-bearing and other beds, lying in Wis- 
consin, next south of the Keweenawan series. It is made the 
basis by them, along with the Keweenawan, of the pre-Cambrian 
division of rocks called ** Aleonkian ;:” but in the closing para- 
graph, it is stated, after remarks on the use of the term Huronian, 
that the Penokee series is properly Huronian, if the latter term is 
restricted to such water-deposited rocks as are proved to lie un- 
conformably on a system of older crystalline rocks which are dis- 
tinctively Archean. The evidence of unconformability in the 
case of the Penokee series appears to have been worked ‘out with 
great care. Many plates of rock slices, maps and stratigraphic 
sections, illustrate the paper. Mr. Walcott’s memoir has been 
noticed in the last volume of this Journal. 

In the course of the Administrative Reports, Professor Shaler 
states (p. 19) that he has discovered that the reefs of living coral 
on the east coast of Florida have not their limit at Cape Florida, 
as has been hitherto supposed, but extend many miles north; 
that a distinct reef continues probably 10 or 12 miles beyond 
Jupiter Inlet. 

Mr. Arnold Hague reports (p. 134) the discovery of a new hot 
spring area, on the east side of the Yellowstone near the head of 
Wapiti Creek. He also states (p. 135) that orpiment and realear 
have been found coating siliceous sinter in the Norris Basin, 
Yellowstone Park. Mr. G. F. Becker attributes (p. 142) the ex- 
terior form of the great granite domes of the Yosemite to exfolia- 
tion on a gigantic scale. 

The U. 8. Geological Survey has also issued many new Bulle- 
tins. No. 68, Earthquakes in California, by J. E. Keeler; No. 
69, A Classed and Annotated Bibliography of Fossil Insects, S. 
H. Seudder: 71, Index to the known fossil insects, including 
Myriapods and Arachnids, idem; 72, Altitudes between Lake 
Superior and the Rocky Mountains. W. Upham; 73, the viscosity 
of Solids, C. Barus; 75, Record of N. A. Geology for 1887 to ’89, 
N. H. Darton; 76, Altitudes in the U. S., 2nd. ed., H. Gannett: 
77, Texan Permian and its Mesozoic type of fossils, C. A. White; 
79, a late volcanic eruption in Northern California and _ its 
peculiar lava; J. 8. Diller; 80, Correlation Papers, Devonian 
and Carboniferous, H. S. Williams; 81, Correlation Papers, Cam- 
brian, C. D. Walcott; 82, Correlation Papers, Cretaceous, C. A. 
White ; 91, Reeord of N. A. Geology for i890, N. H. Darton. 

2; Stratigraphy of the Bituminous Coal Field of Pennsyl- 
vania, Ohioand West Virginia ; by Isrart C. Wurre. Wash- 
ington, 1891. Bulletin No. 65 of the U. 8S. Geological Survey.— 
This admirable memoir by Prof. White deserves more than the 
passing notice usually assigned to such papers. It is an attempt 
to correlate the groups and individual coal beds, which is so far 
successful as to challenge respect from all who have spent much 
labor within the area discussed. This bulletin is no mere com- 
pilation of old work done by Prof. White and others; it is an 
actual revision of all that has been done, a great part of the 
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region having been re-examined. Prof. White deals with the 
Coal Measures only, of which, in accordance with the Pennsyl- 
vania classification, he recognizes five groups, beginning with the 
Pottsville Conglomerate, XII, and ending with the Permo-Carbo- 
niferous, XVI. Each of these groups is the subject of a chapter, 
of which the first part gives a large number of measured sections 
to prove the relations of the group, while the second part de- 
scribes in detail the variations of the several strata. Much of 
the material is wholly new, nearly all of that relating to West 
Virginia being published now for the first time. The gathering 
together of the salient facts from the Pennsylvania reports was a 
serious labor, for which we should be deeply grateful. Prof. 
White has been generous in recognition of his fellow-laborers, 
sometimes overlooking his own work and assigning credit where 
no credit is due. 3. J. 8. 

3. Age of the Plants of the American Trias.—Mr. Lester F, 
Warp, in a review of the plants of the American Trias, (Bull, 
Geol. Soc. Amer., ili, 23, 1891) arrives at the conclusion that pre- 
sent knowledge fixes the horizon of the formation “ at the summit 
of the Triassic system ;” and also that the beds of Europe, “ which 
seem to be most nearly identical so far as the plants are con- 
cerned, are those of Lunz in Austria and of Neue Welt near Basle 
in Switzerland,” which are referred “ by the best European geolo- 
gists to the Upper Keuper. 

A paragraph on page 25 of the Bulletin of the Geological 
Society(page 3 of Mr. WwW ard’s article) needs some correction. It 
reads : “ Second, the New Jersey and Pennsylvania area, extend- 
ing from the Hudson River to the Potomac. I have not used the 
term ‘Palisade area,’ which was employed by Professor Dana, 
because he makes this to include also the Triassic deposits of 
Virginia and even to embrace the Richmond coal-field.” 

Prof. Dana is not aware that he ever made the Palisade area to 
include “the Triassic deposits of Virginia ” of which there are 
several, or “even the Richmond Coal-Field.” In the last edition of 
his Manual, on page 404, it is stated that the Palisade area 
extends from New York to Orange County, Virginia. [The same 
extension is given it in the colored geological map published in 
the 5th Annual Report of the U. 8. Geological Survey (1885), as 
well as in earlier maps.] The termination in Orange County is 
nearly 50 miles northwest of the Richmond area. On the next 
page the Manual, describing the Triassic areas severally, states 
again the same limits, and makes the Palisade area No. 4, and 
the area near Richmond No. 5. The first edition of the Manual 
(1862) gives the same numbering of the areas and the same 
limits to the Palisade area. 

4. Chalk and flints at the Solomon Islands.—Prof. LiversipGE 
describes (Australian Association, 1890) chalk from Ulawa Island 
of the Solomon group, containing Foraminifera, but not so abun- 
dantly as a similar chalk described by him in 1877, from New 
Ireland. With the chalk were flints closely resembling those of 
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England; all were rolled specimens. Nothing organic was de- 
tected in the flint. He cites from Dr. Guppy’s letters of 1883 
that the flints of Ugi, another island of the group, are found in the 
soil. The prevailing rock of the island is an earthy foraminiferous 
limestone, and no flints were found in it. 

5. Paramelaconite and Footeite—Dr. G. A. Kornte has re- 
cently described two new copper minerals which occur closely 
associated with each other upon a mass of cuprite and limonite. 
They were obtained by A. E. Foote from the Copper Queen mine 
at Bisbee, Arizona, 

PARAMELACONITE occurs in steep pyramidal crystals (A, fig. 1.) 
terminated by the basal plane, the pyramidal faces are strongly 
striated ; from the measured angle, 001 /\ 111 = 58” 50’, the ver- 
tical axis c = 1°6643 is calculated. The hardness is 5, sp. gravity 
5°833. Color purplish black, on the fracture pitch black. An 
analysis gave: CuO 100°58, Fe,O, 0°64 = 101°32, which is inter- 
preted as: CuO 87°66, Cu,O 11°70, Fe,O, 0°64 = 100. It is hence 
essentially CuO, like melaconite and tenorite, but is distinct in 
crystallization, and a relation in form to octahedrite is suggested. 


Fig. 1.—Paramelaconite (A) with acicular crystals (B) of Footeite, upon mam- 

millary limonite (C, D); this passes into a granular mixture of limonite and cuprite 

EK), inclosing native copper (F). F1G. 2.—Footeite. Figures from Koenig’s paper. 
g pa] 


FooreIrE occurs in minute prismatic crystals referred to the 
monoclinic system (fig, 2); they are terminated by a pyramid and 
two domes; the prismatic angle is 49° and 131°. The color is deep 
blue. An approximate analysis on 0°0165 gr. gave: CuO 63°7, 
CuCl, 13°5, H,O 22°8 = 100. The calculated formula is 8Cu(OH), 
- CuCl, + 41,0; this brings it somewhat near tailingite which, 
however, contains about twice as much chlorine.—Proc, Acad. 
Nat. Sci. Philad., 284-291, 1891. 

6. Notes on the Genus Acidaspis ar (2) Note on Coronura 
aspectans Conrad (sp.), the Asaphas diurus Green; (3) Observa- 
tions on the Terataspis grandis Hall, the largest known Trilobite ; 
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by J. M. Crarxe. From Rept. State Geologist N. Y. for 1890, 
pp. 13, 8 pl.; 7,1 pl.; 6,1 pl. 1891.—These critical observations 
on Acidaspis, Coronura, and Terataspis, give important supple- 
mental information to the previous knowledge of these forms. 
Ceratocephala, a name proposed by Warder in 1838, was the first 
distinctive term applied to any member of the well- defined group 
currently known as Acédaspis, and is taken as the leading genus. 
The author arranges the species in the following subgeneric 
groups: Odontopleura Emmrich, 1839, Aciduspis Murchison, 
1839, Ceratocephula Warder, sensu stricto, 18388, Dicranurus 
Conrad, 1841, Selenopeltis Corda, 1847, Ancyropyge Clarke, 1891. 

The fortunate discovery of an entire specimen of Coronura aspec- 
tans Conrad (sp.), terminates a long series of synonymical uncer- 
tainties. It gives a remarkable confirmation to the conclusion 
reached in vol. vii, Pal. N. Y., based upon fragmentary evidence, 
that the eye described by Conrad and the pygidia described by 
Hall and Meek belong to a single species. The author, more- 
over, considers this as included in an earlier name, the Asaphus 
diurus Green. 

The restoration of a specimen of Zerataspis grandis Hall, based 
on a large cephalon and on comparisons with other portions, gives 
a length of twenty inches. It consequently represents the largest 
individual trilobite known. The species had a highly differen- 
tiated defensive armor, which with its great size made it one of 
the dominant Paleozoic invertebrates. c. E. B. 

7. Cretaceous fossils of Syria.—R. P. Whitfield describes and 
figures a number of Syrian species in the Bulletin of the American 
Museum of Natural History for December, 1891. 

Annual Report of the Geological Survey of Arkansas for 
1890. Vol. II, Zhe Igneous Rocks of Arkansas, by J. Francis 
WittiaMs, 457 pp., 8vo, 1891. John C. Branner, State Geolo- 
gist.—This country affords no more interesting series of igneous 
rocks than the elxolite-syenites and related rocks of Arkansas, 
which Dr. Williams discusses with admirable thoroughness in this 
volume. It is at the same time a nearly new field, for though the 
many rare and interesting minerals, particularly of the Magnet 
Cove region, have been long known and often described, but little 
has been published in regard to the nature and occurrence of the 
rocks with which they are associated. Four regions are enumer- 
ated, in which these rocks occur: (1) that of Pulaski county or 
Fourche Mountain ; (2) of Saline County; (3) of Magnet Cove and 
(4) the Potash Sulphur Springs. The Fourche Mountain rocks 
which are largely used for building purposes, include the “blue 
granite” here named prdaskite, a rock with trachytic structure 
consisting of orthoclase, biotite, hornblende with but little augite, 
cleolite, sodalite, etc.; also the ‘gray granite,” or elzolice-sy enite ; 
further a variety of dike rocks; there are also certain augitic rocks 
to one of which—a kind of monchiquite (R osenbusch)—the name 
Jourchite is given, while a sub-group under this is called ouachi- 
tite. The most varied and interesting of the regions named is 
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that widely known by the name of Magnet Cove, where there is 
an extensive development of rocks of the eleolite-syenite type 
and with them certain remarkable leucititic dike rocks of very 
high interest. These contain large crystals, sometimes nearly an 
inch across, of pseudoleucite crystals now entirely altered to a 
mixture of orthoclase and elzolite, also elolite, orthoclase, 
wegirite, pyroxene, biotite, ete. The author discusses these rare 
types of rocks with great fulness and also the various contact 
rocks and contact minerals of the whole region. ‘The latter in- 
clude those of the quartz and sandstone, as brookite, rutile, etc., 
also those of the calcite, including perofskite, vesuvianite, monti- 
cellite and others. 

This volume of Dr. Williams is a model of careful, thorough 
work, honorable alike to the author and to the State, and its 
varied contents have been hardly more than hinted at in this 
notice. It gains an additional and melancholy interest from 
the fact that it was the chief and last work of its lamented 
author, who did not live to see it in complete form; it is stated 
that the disease which so abruptly closed his labors was contracted 
during the work in the field which is here recorded. 


III. Borany AND ZooLoey. 


1. On specific Assimilation in Umbellifere.—M. G&neav DE 
LAMARLIERE (Comptes rendus, July 27th, 1891), recounts the re- 
sults of interesting experiments on leaves, conducted in the 
Biological Laboratory at Fontainbleau, under the direction of 
M. Gaston Bonnier. The Order Umbellifere presents good mate- 
rial for the comparison of the amount of assimilation in different 
leaves of the same area, The activity of assimilation in dissected 
leaves is appreciably greater than from the same surface of leaf 
in asingle segment. This difference is uniformly correlated with 
the minute structure: dissected leaves in this order have two or 
more layers of palisade-parenchyma; while simple leaves and 
those having large segments possess only a single layer of paren- 
chyma. In the case of linear divisions, the parenchyma is con- 
tinued around the marginal nerve and tends to invade the lower 
face. The following table indicates the wide difference which 
exists in the amount of assimilative activity. The species first 
mentioned, Angelica silvestris, has large segments: the species 
compared with it has in each case smaller divisions of the leaves, 
but these are thicker. 

c.c G.c. 

I { Angelica silvestris 1.4 O102 07140 

Libanotis montana 0°159 ) 0°166 0°240 
II § Angelica silvestris (0-087 40-091 0-110 
Peucedanum Oreoselium 0:286 { 0°240 
III { Angelica silvestris $0068 0°076 0°084 
Peucedanum Parisiense 0°232 0°252 9. 0°380 


The numbers denote the amount of carbonic acid (expressed in 
cubic centimeters) absorbed in one hour. Ga. & G. 
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Effects of certain poisons on the germination of seeds. 
Cu. Cornevin (Comptes rendus, Aug. 3, 1891).—The author in- 
vestigated the effect of a toxic extract of certain seeds upon the 
germination of the seeds of that species. For this series, Sapo- 
nine, which abounds in Agrostemma Githago, and Cytisine, in 
the seeds of Cytisus Laburnum, were made to act for from six to 
forty-eight hours on the seeds of the respective plants, by the 
side of unpoisoned seeds used for control. These poisons did not 
hinder the progress of germination. 

A second series was designed to determine the effects of poisons 
originating in some other part of the plant on the germination of 
seeds of that species. Nicotine from tobacco, and opium from 
the poppy were employed. Seeds of tobacco immersed in a solu- 
tion of nicotine, 1: 150, were retarded for 48 hours in their germi- 
nation. On the other hand, opium appeared to hasten the germi- 
nation of the seeds of the poppy, but further examination showed 
that the complex substance should be studied with reference to 
its constituents. Three alkaloids hastened the germination, 
namely, narecotine, codeine, and narceine; while two had no 
effect, morphine and thebaine; and one retarded the process, 
papaverine. G. L. G. 

3. Proofs of land-communication between Europe and America 
during the “modern” age of the earth._—M. BLancuarp 
(Comtes rendus, July 20, 1891), cites numerous examples of or- 
ganisms common to the two continents, and appeals to these as 
proofs that the continents were formerly united together in a 
line drawn from Scotland through Iceland to Greenland. The 
plants which he enumerates are certain Anemones, Cruciferae, 
Violets, Stellarias, numerous Rosacew, especially Spirzas and 
Potentillas. Further, are to be mentioned many Saxifrages, Epi- 
lobiums, and Caprifoliacee. Scrophulariacee, Labiate, Borra- 
ginacee, and Gentianacew, among herbs: Alders, Willows, and 
Junipers, and the Yew, among aborescent forms. It will be 
observed that M. Blanchard carries his list much beyond the 
ordinary limits of the boreal species common to both continents. 
There is nothing particularly new in the view expressed, but the 
illustrations are many and to the point. Besides the species of 
plants, he mentions a large number of insects, fishes, and quad- 
rupeds, which exist in specific identity on both sides of the 
Atlantic. G. L. G. 

4. Comparative Anatomy of Plants.—Av. Cuatiy, in pre- 
senting to the French Academy the last fascicle of his histology 
of Phanerogamous Parasites, calls attention to the date of the 
beginning of his researches. The original Thesis was propounded 
in 1840, and the present work, based ‘thereon, was begun in 1854. 
The parts have been issued at intervals ever since, and have main- 
tained throughout a definite character of their own. A work cov- 
ering so long a period, and developed under the diverse influences 
of different phases of scientific thought must always possess a 
peculiar historical interest. ‘The author began his work when 
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there could not be said to be anything like a comparative histol- 
ogy, in our sense of the term, and it has been continued through 
years which have given to us, on every hand, contributions in 
every department of the subject. We can imagine, therefore, the 
satisfaction which the author takes now in noting the general re- 
sults obtained by himself and by others who have worked in the 
same field, in establishing a comparative histology for technical 
and morphological ends, Even if the author did not inaugurate 
the movement, he has participated in it from the very outset. 

5. M. Lucren Dantet (Comptes rendus, Sept. 21, 1891), sums 
up the results of his experiments on root-grafting as follows :— 
(1) we can often obtain grafts on the roots of closely allied plants. 
(2) The graft may succeed without bringing the generative layers 
in contact. (3) Sometimes we can e@rait a plant on the root of 
another belonging to an entirely different family; Saponaria on 
an Onagracea, for example. (4) The lack of success in most 
cases can be explained by the obstacle which the membranes of 
the graft present to the passage of nutritive matters. a. 2. 

6. Two communications in recent numbers of Comptes rendus, 
are of considerable interest to vegetable physiologists, but of 
greater importance to Horticulture. LECHARTIER (Oct. 12, 1891), 
shows that the leaves of artichokes which turn yellow and then 
darker, fading away and wilting, towards the close of the season, 
yield up their food to the ripening parts in a very steady manner. 
Henri BecquEret (Oct. 19, 1891), gives the results of his exam- 
ination of soil temperatures during the winter of 1890-91. 

7. Bourquetot (Comptes rendus, Noy. 23, 1891), has examined 
the different parts of Boletus edulis and aurantiacus, with refer- 
ence to the distribution of the nutritive matters therein contained. 
These fungi agree in this; they contain most of their food in the 
forms trehalose and glucose, mostly the former, in the stalk, and 
rim, and not in the so-called tubes. The foot or stalk contains 
about twice as much as the rim. G. L. G. 

8. Die natiirlichen Pflanzenfumilien.—This admirable treat- 
ise by Excier and Prantt, which has been often mentioned in 
this Journal, has now proceeded as far as Numbers 68 and 69. 
The typography is as good as at the outset, and the illustrations 
as excellent and abundant. The disorder attending the method 
of publication by detached numbers is likewise as great as at first, 
and leaves much to be desired. There seems to be no reason why 
a work of this high character should be marred by defects observ- 
able in cheap subseript ion books. There is, however, little doubt 
that the completed treatise will be, in every way, one worth wait- 
ing for. G. L. G. 

Q, Work of Lobworms in bringing Sand to the Surface.— 
Prof. Cuartes Davison, of Birmingham, England, in a paper 
published in the Geological Magazine of November, 1891, gives 
the results of his observations on the work of the Lobworms in 
the “ Holy Island Sands,” between Holy Island and the opposite 
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coast of Northumberland. His method of investigation was like 
that of Darwin on earthworms. Tis results show that while the 
earthworms studied by Darwin brought to the surface in four 
cases 14°58, 18°12, 7°56 and 15°1 tons per acre annually, the Lob- 
worms bring up 136 times this amount in the same time. In his 
six trials he obtained per acre 901, 3146, 3147, 449, 396, 329 tons 
per acre. The average is 47,237 cubic feet annually per acre; 
which corresponds, after drying aud pressing, to a layer 13 inches 
thick. ‘The Lobworms burrow to a depth of 12 to 24 inches ; 
and taking the higher figure, ‘the layer of sand in which they 
live must on an average pass through their bodies once in 22 
months.” Fresh sand is being continually placed by them within 
the wearing action of the sea. The surface over which they 
occur is inclined; and at the touch of the water, the casting sinks 
down and swells out at the base, more of it flowing down the 
slope than up. It thus loses its vermiform appearance and is 
changed to a low mound elongated downward or completely 
flattened out. 


IV. ASTRONOMY AND TERRESTRIAL PHYSICS. 


1. Periodic Variation of Latitude.—The observations of Dr. 
Kiistner at the Berlin Observatory, published in 1888, indicated 
the surprising phenomenon of the variation of the geographical 
latitude of Berlin, to the extent of nearly, if not quite, half a 
second. This announcement was received by astronomers with 
considerable hesitation, and only the known accuracy of the 
methods of the Berlin Observatory, together with the established 
high reputation of the observer, secured for it the careful atten- 
tion which its apparent improbability might otherwise have pre- 
vented. Various explanations were suggested: among them 
some possible difference between the atmospheric refraction north 
and south of the zenith: also, since the variation seemed to be an 
annual one, some influence connected with the changes of the 
seasons: also some imaginable systematic errors in the declina- 
tions of the stars employed, varying with their right-ascensions, 

The International Geodetic Association deputed Prof Helmert, 
director of its Central Bureau, to arrange for concurrent action 
by various observatories for investigating the nature of the varia- 
tions in question, a plan which was effectively carried out. An 
elaborate collection and discussion of more than 5000 latitude 
determinations was presented by Dr. Albrecht to the Association. 
The simultaneous observations at Prague and Potsdam gave 
results in perfect conformity with those made at Berlin, and it 
soon became manifest that the phenomenon was no local one, but 
that all the latitude-determinations at the several places gave 
accordant indications of simultaneous fluctuations in 1889 ex- 
ceeding the half of a second. Later the hypothesis that the 
period of the variation was annual was disposed of by evidence 
that the various latitudes determined in 1890 were in general 
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smaller by about 0:2 than those observed at the same season in 
1889. 

The well-known theoretical period of ten months, originally 
deduced by Euler, had been shown successively by Peters, Nyrén 
and Newcomb, after careful comparison of various series of obser- 
vations, to manifest little or no trace of real existence. The 
supposed secular changes, on which Fergola, supported by 
Schiaparelli, had based propositions for further investigation, had 
similarly been shown by Prof. Hall to be questionable. Later, 
Radau and IHelmert published researches, in which it was pointed 
out that, an epicyclical combination of the ten-months’ period 
with one of several years’ duration, commensurable with it, 
would give a resultant inequality of the latitude having a period 
of from eleven to fifteen months, and the particular character of 
which would depend on the coefficients assumed. 

The observed variations of latitude might of course be ex- 
plained by achange either in the position of the zenith or in that 
of the pole. ‘To decide this question, as well as to confirm or dis- 
prove the assumption that the observed motion is common to the 
whole globe, the Geodetic Association equipped and sent out an 
expedition to establish a station at Honolulu, a point differing by 
about 180° in longitude from the region in which the German 
observations had already been made. The observer, Dr. Marcuse, 
was instructed to make continual determinations of the latitude, 
by Talcott’s method, for a full year. And, that the determina- 
tions might be fully confirmed, the U. 8. Coast and Geodetic 
Survey was invited also to send an observer, with another instru- 
ment, to the same place,—an invitation which an appropriation 
from the Bache fund of the National Academy enabled the 
Superintendent to accept. Accordingly he deputed Mr. Preston, 
an experienced assistant of the Survey, to make these inde- 
pendent determinations. Meanwhile the observations in Europe, 
were continued, and with mutually confirmatory results. More- 
over Dr. Nyrén brought to the Astronomical Congress at Munich, 
in August last, a series of latitude-determinations made at 
Pulkowa, which exhibited variations closely parallel to those 
simultaneously made at the German observatories. 

The original observations of Dr. Marcuse at Honolulu were 
sent to the Central Bureau at Berlin, in monthly installments, and 
were computed there. At the close of September last, three 
months’ observations had been fully computed, and the result 
found that, while the changes were entirely accordant in magni- 
tude with the European ones, they were in the opposite direction. 
This might at first be supposed to imply an actual tilting of the 
earth’s axis, corresponding to a change in position of the celestial 
pole. But this appears not to be the case, for, although the dis- 
tance between the zenith and the pole is thus seen to have dimin- 
ished in one place, while it increased at the other, on the opposite 
side of the earth, the interpretation mentioned is excluded by 
the important fact that identical stars were employed for the 
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determinations at both places, and the observations therefore 
made at times differing by twelve hours. The inevitable infer- 
ence is that the changes observed are not in the position of the 
celestial pole, but in that of the zenith; in short, that the phe- 
nomenon is not one of nutation, strictly speaking, but rather a 
change in the position of the terrestrial pole, affecting the geo- 
graphical latitude of the point of observation. 

In Nos, 248-251 of the Astronomical Journal are a series of 
articles by Dr. 8S. C. Chandler, giving the result of his later in- 
vestigations of this periodical variation. In 1884, ’85 he had 
made a series of determinations of the latitude of Cambridge, 
with his then newly invented instrument, the Almucantar, 
These showed a curious progression in the values obtained for the 
latitude, to which he called attention in the Astronomische Nach- 
richten as early as May, 1885. <A continuation of the observa- 
tions confirmed the phenomenon, and a new discussion of the 
whole, with this fuller material, has given almost identical results ; 
and showed both a maximum and a minimum, as well as a period 
of about fourteen months. The further discussion of this, and 
various other series of observations in which similar unexplained 
anomalies had been found, led him to the general result that the 
earth’s axis of figure is revolving around that of rotation, from 
west to east in a period of 427 days; so that one pole revolves 
about the other in a circle, the radius of which is about thirty 
feet. 

After discussing various series of observations suitable for the 
purpose, Chandler has arrived at the conclusion that the adoption 
of this hypothesis affords the true solution of various discord- 
ances which have long perplexed astronomers. Incidentally he 
points out, as a probable result of the incorporation of this new 
anomaly in the latitude, that the value of the constant of aberra- 
tion, now commonly employed in preference to Struve’s, is likely 
to prove too large; and that Struve’s value is nearer the truth. 
By a comparative discussion of simultaneous observations made 
at Melbourne, Leyden, Pulkowa and Washington, he demon- 
strates that the phenomenon is not simply local or regional, but 
is terrestrial. He furthermore shows that Bradley’s zenith-sector 
observations, which originally led to the discovery of aberration 
and nutation, also reveal the effect of the periodic latitude-varia- 
tion with remarkable distinctness, and finds that these, as also 
various other series, indicate that the period has, in general, been 
lengthening since the last century. But he infers that, so far as 
can be recognized at present, the lengthening of the period has 
not proceeded according to any regular law, but appears to a cer- 
tain extent capricious; and moreover that there is some relation 
between the amplitude and the period of the variation. 

In No. 251 of the same Journal Prof. Newcomb points out that 
the 427-day period is perfectly consistent with dynamic laws, 
since we may suppose the deviation from Euler’s theoretic value 
to be due to imperfect rigidity of the earth and to the fluidity of 
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the ocean; the joint effect of these tending to produce an ap- 
proach of the. two poles and a lengthening of the period of rota- 
tion. He thinks that the modulus of the earth’s elasticity, dedu- 
cible from Chandler’s period will probably prove consistent with 
that which Sir Wm. Thomson indicates as requisite, in order to 
account for tidal phenomena. B. A. G. 

2. Astronomy and Astro-Physics, January, 1892. Editors: 
Wm. W. Payne, Goodsell Observatory, Northfield, Minn., and 
GrorcE E. Harr, Kenwood Astro-physical Observatory, Chicago. 
—This new Journal is in part a continuation of the well known 
Sidereal Messenger, but with this is coupled a new department 
devoted particularly to spectroscopy and astro-physics. The first 
number, containing a variety of valuable and well illustrated 
papers, gives a highly favorable impression of this new periodical 
and promises much for its success in the future. 


V. MISCELLANEOUS SCIENTIFIC INTELLIGENCE. 


Be Essays Upon Here dity and kindred Biological Problems by 
Dr. Aveust Weissmann, Prof. Univ. Freiburg in Breisgau. 
Edited by E. B. Poutron, M.A., F.R.S.,8. ScudnLAnNpD, Ph.D., and 
A. E. Suretey, M.A., F.L.S. Vol. I, 472 pp.,8vo. Oxford, 1891 
- New York, Macmillan & Co.).—The second edition of the 

inglish translation of Prof. Weissmann’s remarkable essays is in 
course of publication and the first volume has just been issued. It 


contains the essays on the Duration of Life ; on Heredity ; on Life 
and Death ; on the Continuity of the germ-plasm as the founda- 
tion of a theory of Heredity ; on the number of polar bodies, 
and their significance in Heredity ; on the supposed Botanical 
proofs of the transmission of acquired characters ; on the sup- 
posed transmission of mutilations. ‘The second volume will con- 
sist of four additional essays with a preface by Prof. Weissmann. 
Ostwald’s K lassiker der exakte Wissenschaft n. (Wm. 
tng¢elmann, Leipzie).—The volumes of this series last issued 
Eng 
include : 

No. 25. Unterredungen und mathematische Demonstrationen itiber zwei neue 
Wissenszweige, die Mechanik und die Fallgesetze betreffend von Galileo Galilei. 
Fiinfter und Sechster Tag (1838) 

No. 26. Uber die Constitution der organischen Sauren von Justus Liebig (1838). 

No. 27. Untersuchungen iiber die Kakodylreihe von Robert Bunsen (1837- 
1843), 

No. 28. Uber die Asymmetrie bei natiirlich vorkommenden organischen Ver- 
bindungen von L. Pasteur (1860) 

No. 29. Uber das Gesetz nack welchem die Einwirkung der Sauren auf den 
Rohrzucker stattfindet von Ludwig Wilhelmy (1850) 

No. 30. Abriss eines Lehrganges der theoretischen Chemie vorgetragen an der 
K. Universitat Genua von S. Cannizzaro (1858) 

3. Minerals: A monthly magazine. Vol. I, No. 2, New 
York, Jan. 1892 (published by the Goldthwaites).—The first 
number of this new magazine has recently appeared and presents 
in its 30 pages a number of short articles and notes upon a 
variety of topics interesting to the collector of minerals. 
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4, Modern American Methods of Copper Smelting, by 
Epwarp Dyer Perers, Jr. Second Edition, revised and en- 
larged. 398 pp., 8vo. New York, 1891. (The Scientific Pub- 
lishing Co.).—The first edition of this valuable work appeared 
some four years since and was at that time noticed in this Journal 
(xxxv, 88). In the second edition now issued, the work is 
thoroughly revised, with the addition of considerable new matter 
which should make it still more widely useful. 


OBITUARY. 


Dr. Josern Lovertne, for many years Professor of Mathe- 
matics and Natural Philosophy at Harvard University, died on 
the 18th of January at the age of seventy-eight. He was born 
in Charlestown, Mass., Dec. 25, 1813. In 1836, three years after 
his graduation at Harvard, he was appointed tutor of mathematics 
and physics at that institution, and two years later he began the 
duties of his professorship; this position he held until his death, 
although some three years since he was relieved from active 
labor. In addition to his college work, he gave nine courses of 
twelve lectures each, before the Lowell Institute, and other briefer 
courses before the Smithsonian Institution, the Peabody Institute 
of Baltimore and at other points. From 1867-76, he was con- 
nected with the U. S. Coast Survey, and had charge of the com- 
putations for determining by cable trans-atlantic longitudes, He 
was elected a member of the National Academy of Sciences in 
1873, and in 1879 he received the degree of LL.D. from Harvard. 
For nearly twenty years he was the permanent secretary of the 
American Association, and in this latter capacity, edited fifteen 
volumes of the proceedings of the association. In 1873 he was 
made its president; his presidential address upon the Mathe- 
matical and Physical state of the Physical Sciences, is published 
in vol, viii, (1874) of this Journal. Several of his physical papers 
have appeared in this Journal, and many others, a partial record of 
an active life, are to be found in the publications of the American 
Academy of Arts and Sciences and elsewhere. He leaves a 
widow, two sons and two daughters. 

Witiiam P. Rust, who for a number of years was in the 
employ of the U.S. Geological Survey as a collector, was taken 
suddenly ill while engaged in his work at the celebrated Trilobite 
locality, near his home at Trenton Falls, N. Y., and died a few 
days thereafter (on the 17th day of October,) 1891, aged 64 
years. Mr. Rust was connected with the work of Mr. Charles D. 
Walcott upwards of twenty years, and collected large series of 
fossils under his direction. He also made large collections of 
Trenton fossils that are now in the Museum of Comparative 
Zoology, Cambridge, Mass., the New York State Museum, the 
Museum of Cornell University and in the National Museum. His 
skill in working out the trilobites and other fossils from the 
Trenton and the Chazy-Calciferous limestones in New York and 
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Vermont has given to the collections made by him a value that 
places him amongst the contributors to the advancement of 
American paleontology. W. 

Srr ANDREW CromsBiE Ramsay, Director-General of the Geo- 
logical Survey of Great Britain from 1871 to the close of 1881, 
died on the 9th of December, 1891. His various geological in- 
vestigations gave him high rank among geologists, and brought 
him many honors. He was elected President of the Geological 
Society in 1862, and President of the British Association in 1880, 
and was knighted in 1881, when, on account of the condition of 
his health, he resigned his connection with the Geological Survey. 
As a biographical notice in Nature by his successor in the Survey 
writes, “the news of his death will carry regret into the hearts 
of many men of science all over the world.” The notice, in its 
closing paragraph, portrays, as follows, a side of his character 
not well known in America. 

“There was in Sir Andrew Ramsay such simplicity and frank- 
ness that men of the most diverse natures were attracted to him, 
and as they came to know him more intimately, the gaiety and 
kindheartedness of his disposition attached them to him in the 
closest friendship. Fond of literature, and glad to relieve the 
pressure of his scientific work by excursions into the literary field, 
he had acquired a range of knowledge and of taste which gave 
a special interest to his conversation. Now and then he found 
time to write an article for the Saturday Review in which this 
literary side of his nature would find scope for its exercise. But 
the daily grind of the official treadmill left him all too little time 
for such diversions. His death removes from our midst one of 
the foremost geologists of our day, and from the friends who 
knew him in his prime, a large-hearted, lovable man, whose 
memory they will cherish till they too pass away. 

Dr. Ferprnanp von Reamer, Professor of Geology and Pale- 
ontology in the University of Breslau, and long an able and active 
laborer in these departments, died at Breslau, on the 14th of De- 
cember, in his seventy-fourth year. He made an honorable record 
for himself in American science by his excellent memoirs on the 
paleontology of Texas and Tennessee: Die Kreidebildungen von 
Texas und ihre organischen Einschltisse, 1852, and Die Silurische 
Fauna des westlichen Tennessee, 1860, each about 100 pages in 
quarto, with descriptions of a large number of species and admir- 
able figures on many plates. 

Dr. Reemer’s Jubilee as Professor was to have been celebrated 
on the 10th of next May. 
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AN IMPORTANT MINERAL DEAL. 


Special Announcement. We have recently purchased the entire 
stock of H. Hoseus, the well known Swiss dealer, who for many years 
has been admitted to have the best stock of fine specimens in Europe. 
This splendid addition to our previously strong stock of European min- 
erals and the fine lots secured elsewhere by Mr. English, make this 
portion of our stock unquestionably much superior to that of any Euro- 
pean dealer, while our prices always compare favorably and in many 
cases are far less. It is, of course, impossible in a few words to give 
even a general idea of the contents of the Hoseus stock, but our cus- 
tomers who appreciate fine and rare specimens will be quick to write 
us for a box on approval. It abounds in such rarities as Dyscrasite xls ; 
Naumannite: Hessite xls; (!) Sternbergite ; Greenockite xls: Niccolite 
xls ; Gersdorffite xls; Sylvanite xls:(!) Nagyagite xls;(!) Miargyrite ; 
Diaphorite xls: Freieslebenite xls; (!!) Rittingerite: Aikinite ; Mene- 
ghenite xls ; Cotunnite ; Castorite and Pollucite xls (!); Axinite xls (!); 
Herschelite xls; Brewsterite ; Przibram Cronstedtite (!!): Roselite xls 
(!); Euchroite xls; Trégerite : Stolzite xls: Scotch Vanadinite ; Monte 
Poni Anglesites (!!): and Phosgenites (!); Leadhillite xls (!!) ; Susannite; 
Lanarkite xls (!!); Bloedite xls: Fels6banyite ; Johannite ; Uraconite ; 
Siberian Dioptase, Alexandrite, Zircon, Topaz, Ouvarovite, Leuchten- 
bergite, Aquamarine and Emerald ; Swiss Danburite, Hematite, Rutile 
pseudo., Hematite, Anatase, Wiserine, Turnerite, Jordanite, Binnite 
and Rutilated Quartz xls. The shipment is in New York and will soon 
be ready for sale. 


OTHER EUROPEAN MINERALS SECURED BY MR. ENCLISH: 

In Elba. Pyrite twins and single xls in great profusion. 

Tourmaline. Over 100 crystals, small but very good. 

White Beryls. highly modified, very rare. 

Pollucite and Castorite crystals ! 

Hematite. A fine, large lot of loose xls, and groups some richly 
iridescent. 

In Sicily. Our disply of Sulphurs will soon be the talk of the town. 
So many and such beautiful specimens have probably never before 
been seen in this country. The variety of forms in the bright loose xls 
is marvellous, while the large groups for museums and the medium- 
sized groups are wonderfully beautiful. Hauerites (no longer found), 
a splendid lot, large and small (15c. to $12.50 each). Melanophlogite, 
(entirely exhausted), a good lot; also good Celestites, cut Ambers, 
twinned Aragonites, ete. 

From Vesuvius: Gaurinite, Haiiynite loose xls, Sarcolite, Periclasite, 
Fosterite, Humboldtilite, Humite, Facellite, Meionite, Anorthite, Phil- 
lipsite, Sodalite, Leucite, etc. 

From Carrara. Supurb lot of Quartz Crystals on White Marble. 

From Baveno. Datolite in large, clear, bright and highly modified 
xls. Orthoclase twins, very 0d and some 300 of them at low prices. 

From Porretta. Cavernous )uartz Crystals, some with fine movable 
bubbles ; good large lot. Prin ‘tive Calcites, very rare. 

From Ala. The best Essonite Garnets we have ever had and very 
cheap ; also good loose xls of Diopside and Vesuvianite. 

From St. Gotthard. 30 fine Rose Fluors, large lot of choice Adularia 
xls, 250 superb Smoky Quartz. 

Miscellaneous. The strongest series of extra rare species ever in 
stock. 

English Minerals. 200 small loose Egremont Calcite xls; Cornish 
minerals in great profusion, including elegant Chalcocites, Liroconites, 
Libethenites, Connellite, etc., etc. 

In Greece. The best lot of the showy Laurium minerals ever shipped 
from the locality were purchased at the mines by Mr. English. Smith- 
sonite, Serpierite, Adamite, Aurichalcite, Laurionite, and Phosgenite. 
Weigh 3000 lbs.! 

Japanese Stibnites (!), Anorthite xls, Topaz xls, etc.; fine Diaspore 
xls: Monticellite in the best xls yet found; Pink Grossularite xls, 
better than ever; N. C. Emeralds: etc., ete. 

100 pp. Illustrated Catalogue, 15c.; in cloth, 25c.; Supplement ‘‘ A,” 
2c. 


GEO. L. ENGLISH & CO., Mineralogists, 
733 & 735 Broadway, New York City. 


THE MICROCOSM. 


MINERALOGY, GEOLOGY, ZOOLOGY. 


RELIEF MAPS. 

Especial attention given to Relief Maps. All work of this kind 
executed accurately and artistically. Can also furnish copies of 
models made for the Government: Grand Cafion of the Colorado, 
Yosemite Valley, Wasatch and Uinta Mountains, Mt. Taylor, 
Mt. Shasta, Leadville, Eureka, ete., etc. Also model of the whole 
United States with ocean bottoms adjoining, modeled on the cor- 
rect curvature. 


MINERALS. 


My stock of minerals is very large and complete, sold as indi- 
vidual specimens or systematic collections of all sizes. The $100 
collection is adapted to the higher grade of Academies. 


METEORITES. 
If you wish to buy or sell meteorites or to have them cut and 
polished write me. 


ANATOMICAL MODELS, TAXIDERMY, Xe. 
EDWIN E. HOWELL, 
537 15th St., N. W. Washington, D. C. 


BRO TRE 
No. 6 Murray Street, New York, 


Manufacturers of Balances and Weights of Precision for Chem- 
ists, Assayers, Jewelers, Druggists, and in general for every use 


where accuracy is required. 


UNIVERSITY OF TEXAS, 
AUSTIN, TEXAS. 


The Board of Regents having recently established an Assistant Pro- 


. fessorship of Biology, temporarily in connection with the Chair of 
Geology, applications and testimonials may now be addressed to Regent 
F. W. BaLL—care of Ball, Temple and Ball, Fort Worth, Texas. The 
salary will be $2,000 per annum and prominence will be given to 


Botany. 
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LITTELLS 


LIVING 


AGE, 


the plan. 


» which are given below. 


As Tue LIVING AGE cama its iuhiton, it is interesting to recall 
the prophecy made concerning it by MR. JUSTICE STOR Y upon read- 
ing the prospectus in April, 1844. 
If it can obtain the public patronage long enough, it will 
contribute in an eminent degree to give a healthy tone, not only to 
our literature, but to public opinion. 
moderate compass a select library of the best productions of the age. 

That Tur Lirvine AGE has fully justified this foreeast is proved by 
the constant praises which, during all the years of its publication, 
have been bestowed upon it by the press; some of the more recent of 


He then said, ‘‘I entirely approve 


It will enable us to possess in a 


A WEEKLY MAGAZINE of sixty-four pages, TE LivinG AGE gives more than 
Three andl a Quarter Thousand 


double-column octavo pages 


s of reading-matter yearly, forming four large volumes. 


It 


presents in an inexpensive form, considering its gre ‘at amount of matter, with fresh- 
ness, owing to its weekly issue, and with a satisfactory completeness attempted by no 


other publication, 


The best Essays, Reviews, Criticisms, Tales, Sketches of Travel and Discovery, Poetry, Scientific, Biographical, 
Historical, and Political Information, from the entire body of Foreign Periodical Literature. 

It is therefore invaluable to every American reader, as the only satisfactorily fresh 

and COMPLETE compilation of an indispensable current literature, —indispensable 


because it embraces the productions of 


THE 


ABLEST LIVING WRITERS in all 


branches of Literature, Science, Politics, and Art. 
Opinions. 


“Tf a cultured stranger from another world were to 
find himself in this one, and were to make a study of 
our literary advantages, he would be impressed espe- 
cially, we are confident, by theabundance, variety and 
high average quality of the contents of LITFTELL’S 
LIVING AGE.” — The Congregationalist, Boston. 

“Tt is nearly half a century since the first volume of 
this sterling publication came from the press, and to- 
day it stands the most perfect publication of its kind 
in the world. . Thereis but one LIVING AGE, though 
many have essay ed imitations. While their intent 
has no doubt been worthy, they have lacked that rare 
discriminating judgment, that fineness of acumen, and 
that keen appreciation of what constitutes true excel- 
lence, Which make LITTELL’s LIVING AGE the incom- 
parable publication thatit is. . We know of no other 
publication that is so thorough an educator, for it 
touches all live subjects and gives the best thought of 
leading minds concerning them.” — Christian at Work, 
New York 

“No eclec tic journal has ever deserved so well of 
the public. . It contains nearly all the good literature 
of the time.” — The Churchman, New York 

“It improves with age. It is a treasure-house of 
the best periodical literature in the language, and 
subscribers are easily enabled to keep themselves ac- 
quainted with the work of the most eminent writers 
of the time.” — Standard of the Cross, Philadelphia. 

“It maintains its leading position in spite of the 
multitude of aspirants for public favor. . He who 
subscribes for a few years to it gathers a choice 
library, even though he may have no other books.” — 
New-York Observer. 

“Indeed it may well be doubted whether there exis sts 
any more essential aid to cultivation of the mind 
among English-speaking people: and its importance 
increases with the ever-growing rush and hurry of 
modern times, . Certain it is that no other magazine 
can take its place in enabling the busy reader to keep 
with current literature.” — Episcopal Recorder, 

*hiladelphia. 


PUBLISHED WEEKLY 


at $8.00 a year, 


“Tt has, in the half century of its existence, fur- 
nished its host of readers with literature the best of 
the day, such as cannot fail to educate and stimulate 
the intellectual faculties, and create tastes and desires 
for loftier attainments.” — Presb'n Banner, Pitisburgh. 

‘It is incomparably the finest literary production 
modern times.”—//erald and Presbyter, Cincinnati. 

“For the man who tries to be truly conversant with 
the very best liters ature of this and other countries, it 
is indispensable.”"—Central Baptist, St. Louis, 

“The subscription price is low for the abundance of 
excellent reading given.” — New-York Evangelist. 

“Tt would be cheap at almost any price.” — Califor- 
nia Christian Advocate, San Francisco. 

“Itsaves much labor to a busy man who only wants 
to read the best.” — The Advance, Chicago. 

“It retains the characteristics of breadth, catho- 
licity and good taste which have always marked its 
editing. The fields of fiction, biography, travel, 
science, poetry, criticism, and social and religious 
discussion all come within its domain and all are well 
re yes sented.” — Boston Journal. 

“Tt may be truthfully and cordially said that it never 
offers a dry or valucless page.” — New- York Tribune. 

“To read it is itself an otmitinn in the course of 
modern thought and literature.”—ugalo Commercial 
Advertiser. 

“Coming weckly, 
monthly magazines 
Chronicle. 

“Tt is one 
limited.” — 

“No one 


vreat advantage over the 
San- Francisco 


it ha+a 
and reviews.” — 


of the invaluables to those whose time is 
Houston ( Tex.) Post. 
who pretends to keep au courant with 
what is doing in science and literature can afford to 
dispense with it.” —//artford Courant. 

“In glving a comprehensive view of the best current 
literature, the product of the best writers of the day, 
it stands unrivalled.”"—Canada Presbyterian, Toronto. 


free of postage. 


CLUB PRICES FOR THE BEST HOME AND FOREIGN LITERATURE. 


Possessed of LITTELL’S LIVING AGE, 


and of one or other of our vivacious American monthlies, a 


subscriber will find himself in command of the whole situation.” — Philadelphia Evening Bulletin. 


For $10.50, Tur Living AGE 


(or Harper’s Weekly or Bazar) will be sent for a year, 
AGE and Scribner’s Magazine, or Lippincott’?s Magazine, or the St. Nicholas. 


LIVING 


and any one of the four-dollar monthly magazines 


postpaid; or, for $9.50, THE 


Rates for clubbing THk Livinc AGE with more than one other periodical will be 


sent on application. 
ADDRESS 


Sample copies of THE LIVING 
LITTELL & CO., 31 Bedford St., even 


AGE 15 cents each. 
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